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FOREWORD This report makes an important contribution to the knowledge about driver 
behavior at exit gore areas. Highway 'designers, traffic engineers, and other 

	

By Staff 	operations and maintenance personnel of local and state highway organizations 

	

Highway Research Board 	will find it valuable not only as a state-of-the-art summary, but also as a source 
of suggestions for remedial measures. The contents should be especially useful 
as a guide both in identifying hazardous locations and in correcting their defi-
ciencies. 

Erratic driver behavior at freeway exit points contributes to their high accident 
frequencies. Driver decision-making deficiencies, information deficiencies, and 
geometric design deficiencies all are causes of these erratic maneuvers. 

This project was established to develop recommendations leading to early 
improvement of traffic operations and safety'at exit gore areas, by relating erratic 
maneuvers to their causes and by devising remedial measures. The Transportation 
and Traffic Safety Center of The Pennsylvania State University, which undertook 
the project, was charged with summarizing past and current research in the subject 
and with conducting field investigations of driver behavior. For the latter work, 
nine study sites were selected in the states of Pennsylvania and Maryland. Detailed 
observations were then made at these sites to determine the causes and charac-
teristics of erratic maneuvers. Interviews were conducted with many drivers whose 
actions at the gore areas were indicative of route choice difficulties. 

Subsequently, signing and marking improvements were made at several sites 
and their effectiveness was measured by additional observations. Over-all, a one-
third reduction in erratic movements was recorded in the "after" studies. 

Further analysis was made of the effectiveness of different delineation treat-
ments and of the time characteristic patterns of erratic maneuver by day of week 
and time of day. These are reported extensively in appendices of the report. 

The research also included production of a brief motion picture film de-
scribing the nature of the problem and the practical procedures that may be 
followed in applying corrective measures to exit gore problems. This film may 
be obtained on a short-term loan basis upon request to the National Cooperative 
Highway Research Program. 
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IMPROVING TRAFFIC 
OPERATIONS AND SAFETY AT 

EXIT GORE AREAS 

SUMMARY 	This research project was concerned with the problem of erratic maneuvers, such 
as backing up and stopping in the gore area, that occur with alarming frequency 
at freeway exit areas. Specifically, it attempted to answer three basic questions: 
What factors cause motorists to make erratic maneuvers at exit gore areas? What 
remedial devices can be employed to reduce their occurrence at existing sites? 
What changes in design and traffic control criteria can be recommended that will 
minimize the problem at future sites? The results of this study provide answers to 
these questions, and the findings can be used by traffic and design engineers to 
enhance the safety and traffic operations at freeway exit facilities. 

Initially, a state-of-the-art summary was prepared from a thorough review 
of past and current research in six related areas: geometric design, traffic char-
acteristics, accidents, human factors, signing, and delineation. The summary is 
presented as a series of "lessons learned" in each of the six categories. Another 
product of the research review is an annotated bibliography that will be useful 
for continuing research. 

Nine exit sites, incorporating different geometric features, were examined for 
erratic maneuvers during this project. The observed "before" erratic maneuver 
rates ranged from a low of 0.2 percent (i.e., 2 out of every 1,000 vehicles) to a 
high of more than 5.2 percent of all vehicles approaching the exit ramp area. 

Analyses of the patterns of the erratic maneuvers and on-site driver interviews 
were used to determine causative factors of these maneuvers. The results indicate 
that more than one factor is usually present at any one site, and that these factors 
vary from site to site. Generally the factors can be classified as follows: 

1. Driver-related problems (breakdown in driver decision-making process): 
Driver distracted or inattentive. 
Last-minute change of mind. 
Driver not sure of direction—poor trip planning and use of road maps. 

2. Information deficiencies: 
Sign legend—message misleading or absent, resulting in driver confusion. 
Insufficient advance warning—lack of information at points along the 
freeway to direct the driver to the proper lane. 
Inadequate sign visibility—truck blockage, poor placement of signs. 
Inadequate road markings or delineators—exit area not adequately 

identified. 
3. Geometric deficiencies: 

Inadequate sight distance to exit area. 
Other inadequate design features—lane drops, tangential exits, etc. 

Remedial measures (minor signing changes, markings, reflective delineators, 
etc.) were installed at eight sites and evaluated on the bosis of reductions in erratic 



maneuvers. Results show that the frequency of the hazardous maneuvers can be 
reduced at existing sites through the application of standard traffic control devices. 
At a number of study sites, improved signing did reduce driver confusion, resulting 
in safer operations. In a supplemental study, significant improvement in the use of 
the deceleration lane, as well as a reduction in nighttime erratic maneuvers, were 

obtained through improved gore area delineation, employing post delineators and 
raised pavement markers. Also, at two sites, improvements were noted with the 
addition of interchange illumination. 

Recommendations concerning changes in traffic control measures and design cri-
teria were developed through the case study approach; they are presented in Chapter 
Three. 

CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

PROBLEM STATEMENT AND RESEARCH OBJECTIVE 

The exit gore area is the scene of many accidents and near-
accidents on U.S. freeways today. At the 1968 hearings 
before the U.S. House of Representatives Subcommittee on 
Roads it was stated that the number of accidents in the 
vicinity of the exit ramp is four times greater than at any 
other freeway location. Substantial testimony was pre-
sented at the hearings that indicates that the erratic 
maneuvers, in large numbers, are a common occurrence 
at freeway exit ramps. 

That this is so is not entirely surprising. The exit gore 
area is a transitional area that requires a major change in 
tracking. The driver, especially when he is in unfamiliar 
surroundings, must process a large amount of directional 
information during a short period of time and at high 
speeds while maintaining or modifying his position within 
the traffic stream. When the driver is loaded with decision-
making processes or is confused, he is more apt to make 
errors and subsequent erratic adjustive maneuvers. 

Erratic maneuvers, such as encroaching on the gore area 
or backing up on the ramp or through lane, can occur 
when the driver is indecisive as to where he wants to go or 
how to get there. This indecision may result from several 
factors, including misleading or inadequate information in 
the form of signing, delineation, and geometric design, or 
a deficiency in the driver decision-making process. In many 
cases these factors act together to cause erratic maneuvers. 

Although research has been devoted to the use of various 
traffic control devices at freeway exits, the problem of 
erratic maneuvers still exists. Therefore, this project was 
initiated with the following objectives: 

1. Review past and current research pertaining to the 
problems of traffic operations and safety at exit gore areas. 

Prepare a state-of-the-art summary of the review. 
Determine causation of erratic driver behavior in the 

vicinity of exit gore areas. 
Recommend remedial measures to improve traffic op-

erations and safety at existing exit gore area configurations. 
Evaluate existing design and traffic control criteria 

for exit gore areas and recommend necessary changes. 

SCOPE OF STUDY 

In this study, attention was focused on the alarming fre-
quency of erratic driver behavior at freeway exit gore areas. 
Freeways or similar facilities were chosen because the prob-
lem is more acute on high-speed highways than on lower-
speed facilities. Accidents at the freeway gore area tend to 
be severe because of the high speeds and the presence of 
many fixed installations and embankments. It was believed 
that solutions to the freeway problem could easily be 
adapted to lesser facilities, but not vice versa. 

In studying erratic maneuvers (rather than traffic flow 
variables) it was believed that positive results of the re-
search effort would be directly applicable in improving 
safety and operations at freeway exits. Because erratic 
maneuvers cause disturbances in the traffic flow of both 
exiting and through vehicles, any reductions that can be 
obtained will provide for more efficient operations. 

Although erratic maneuvers commonly occur in the 
vicinity of the gore area, the causative factors are not 
always associated with the gore area alone. For example, 
a motorist might stop in the gore area because he was 
confused by the directional legend at the first advance exit 
sign. The driver's confusion and indecision (causation 
factor) did not manifest itself until the occurrence of the 



erratic maneuver in the gore area. Hence, in considering 
remedial devices, information sources (signing and de-
lineation) in advance of the exit were analyzed. 

RESEARCH APPROACH 

The general method followed was to synthesize past and 
current pertinent research and to conduct a series of case 
studies in the field. Nine sites, with different geometric and 
information deficiencies, were selected for evaluation. At 
each site, "before" erratic maneuvers were observed for 
several hours over a 21/2 -day period, day and night. Driver 
interviews of a sample of those who made erratic ma-
neuvers were obtained at sites where this was feasible. The 
results of the interviews and the analyses of the erratic 
maneuver data were then used as a basis for specification 
of remedial treatments. "After" erratic maneuver data were 
collected to evaluate the effectiveness of the remedial de-
vices installed. The results of the case studies were then 
used to develop general recommendations for improving 
traffic operations and safety at exit gore areas. More de-
tailed descriptions of the various tasks follow. 

State-of-the-Art Summary 

The initial task of the project was to review the results of 
past and current research relating to operations at exit gore 
areas. Information was sought in the following subject 
areas: 

Geometric design of the exit gore area. 
Accidents. 
Human factors related to the driving task and in-

formation requirements. 
Traffic characteristics. 
Signing. 
Delineation. 
Warrants and criteria for geometric design and traffic 

control devices. 

From the research review a state-of-the-art summary 
was prepared (Appendix A) - To ensure that the summary 
has maximum usefulness, each "lesson learned" regarding 
each subject area is enumerated. These serve as findings of 
the research review and are discussed in Chapter Two. 

Site Selection 

So that generalizations regarding causation factors leading 
to erratic maneuvers and remedial measures could be made 
from individual case studies, sites were chosen that repre-
sented a cross-section of the many problem freeway exits. 

The site selection process was as follows: 

Interviews with state highway officials to ascertain 
problem locations. 

Field reconnaissance of this preliminary list of sites to 
make a final selection based on: 

Sufficient number of erratic movements per time 
period. 
Different geometric characteristics (tangential, left-
lane, or multiple exits, etc.). 
Deficiencies in information sources (subjective evalua-
tion). 

Based on these selection criteria and the constraints of time 
and funds available for this project, a total of nine sites 
were chosen for evaluation. These sites are listed in Table 1 
and are identified in the maps in Appendix B (Figs. B-i, 
B-2, and B-3). (One other site was selected but was later 
removed from further evaluation because of a low erratic 
maneuver rate. Also, two other sites were used for the 
supplemental gore delineation study described in Appen-
dix C.) 

Observation of Erratic Maneuvers 

Before erratic maneuvers at the study sites were observed, 
a list of possible movements was prepared and rigidly 
defined. Eight erratic maneuver types were identified: 

Cross gore paint—vehicle traverses the gore pavement 
markings while either exiting or continuing through. 

Cross gore area—vehicle traverses the nonpaved gore 
area beyond the pavement markings while either exiting or 
continuing through. 

Stop in gore—vehicle comes to a complete stop in any 
part of the gore (pavement markings or nonpaved area) 
while exiting or continuing through. 

Back up—vehicle passes the gore area, stops, and then 
backs up to change direction. 

Sudden slowing—vehicle follows the proper path but 
slows abruptly. 

Lane change—vehicle traverses one or more full lanes 
within the deceleration lane area in order to exit. 

Swerve—vehicle changes its lateral position abruptly 
within the deceleration lane area while exiting or continuing 
through. 

Stop on shoulder—vehicle stops on the shoulder 
within the interchange area and then continues through 
or exits. 

In addition to these definitions, other constraints were 
set forth that eliminated some erratic maneuvers from the 
"official count." A vehicle was not counted if it (1) was 
forced into an erratic maneuver by another vehicle; (2) im-
mediately followed a vehicle that made an erratic maneuver 
and then committed the same erratic maneuver (in this 
case, it was assumed that the vehicles were traveling to-
gether and the second motorist merely followed the first); 
or (3) stopped in the vicinity of the exit for some obvious 
unrelated purpose, such as to discharge a passenger, or 
change drivers. 

Data collectors were taught the different types of erratic 
maneuvers and were briefed at each location concerning the 
maneuvers they were to expect. The training was neces-
sary to ensure that data collection was consistent during the 
"before" and "after" periods. The data sheets (see Ap-
pendix F) consisted of drawings of the exit site on which 
the observers were instructed to sketch the trajectory of 
each erratic vehicle. 

At all sites, both "before" and "after" erratic maneuver 
observations were conducted on Thursday, Friday, and 
Saturday during the following hours: 

Thursday and Friday.........1000-1200; 1330-1700; 
2030-1230 

Saturday ...................0930-1230 
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TABLE 1 

STUDY SITES 

SITE 

NO. 

AND 

IDENTIFICATION LOCALITY 	AREA 
GEOMETRIC 
FEATURES 

I E-83S at Exits 27-28. Harrisburg, Pa. 	Suburban Major interchange. Full- 
width deceleration lane; 
partially tangential exit 
ramp. 

2 Eisenhower Interchange—US Harrisburg, Pa. 	Suburban Major interchange. Direc- 
322W to I-83N, I-83S, and tional-type design; left 
I-283S. and right exits. 

3 Eisenhower Interchange— Harrisburg, Pa. 	Suburban Major interchange. Direc- 
I-283N to I-83N, I-83S, tional-type design, right 
and US 322E. exit, lane drop, and left 

exit. 
4 1-79S at Exit 18 for Green- Pittsburgh, Pa. 	Urban Intermediate interchange. 

tree and Crafton. Right exit, lane drop. 
5 I-76E at Exit 14 for Business Pittsburgh, Pa. 	Urban Intermediate interchange. 

US 22. Right exit, direct taper, 
partially tangential 
ramp. 

6 1-76W at Exit 13 for 'Pittsburgh, Pa. 	Urban Intermediate interchange. 
Churchill. Left exit, lane drop. 

7 J. F. Kennedy Memorial Baltimore, Md. 	Rural Major interchange. Direc- 
Highway (1-95) south- . tional-type design, right 
bound at Baltimore Belt- exit, lane drop exit, and 
way (1-695). left exit. 

8 Baltimore-Washington Ex- Baltimore, Md. 	Rural Major interchange. Right 
pressway to Harbor Tunnel exit, direct taper. 
Thruway. 

9 Harbor Tunnel Thruway to Baltimore, Md. 	Rural Major interchange. Right 
Baltimore-Washington Ex- exit, full-width decelera- 
pressway, Exit 15. tion lane. 

These time periods provided, ideally, for 14 hr of day-

light observations and 4 hr of night observations. How-

ever, erratic maneuver data were not recorded during rainy 

weather or during periods of congestion because it was 

believed that it would be impossible to isolate the effects 

of these additional factors in the ensuing analyses. Spe-
cific data collection dates and times are included in the case 
study descriptions in Appendix B. 

So that erratic maneuver (EM) rates could be deter-

mined, exiting and through volumes were recorded. Ten-

minute volume counts were made every half-hour. All 
vehicle types were recorded. 

At Site 3, a supplemental, extensive data collection effort 
was undertaken to determine how EM rates vary over the 

days of the week and hours of the day, and whether some 
recurrent pattern exists. Data were collected continuously 
from 7:00 AM until 2:00 AM, Thursday through Monday. 
Traffic volumes were also recorded to ascertain if EM rates 

are correlated with volume. The results of this investigation 
are reported in Appendix D. 

The Driver Interview 

A critical task in this project was the determination of the 
factors that cause erratic maneuvers. This knowledge is a 
prerequisite to recommending both remedial measures and 
changes in present criteria for design and traffic control 
devices. 

It can be argued that erratic maneuvers are due to either 
a breakdown in the highway-driver information transfer or 
a deficiency in the driver decision-making process. Ideally, 
then, it would be advantageous to have access to the driver's 
thought process prior to and during his erratic maneuver 
at the gore area. Because such information is not readily 
extractable, it was necessary to resort to less direct tech-
niques for describing driver behavior. 

The driver interview is well-suited to gaining insight as 
to why motorists have erratic maneuvers in the vicinity of 
the exit gore. A trained interviewer, employing a well-
designed questionnaire, can extract the required informa-
tion from the driver. 

Two questionnaire forms were developed (see Appen-
dix F)—one for exiting drivers, and one for drivers that 
continued through. The first page of both questionnaires 
was identical and consisted of background information 
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about the driver, purpose of the trip, origin and destina-
tion, and route planning. The second pages of the inter-
view forms consisted of questions designed to elicit infor-
mation as to why the driver made an erratic maneuver. 
Rather than ask the driver specifically why he made an 
erratic maneuver, several questions were posed so that the 
motorist could better describe the problems he encountered. 
Only if the interviewee gave no indication of why he drove 
erratically was he asked pointedly why he did so. 

The interview team consisted of the interviewer and a 
state trooper positioned downstream from the exit area, 
either on the through route or on the exit ramp, as appro-
priate. (At one site, interviews were conducted for both 
movements.) An observer was stationed at a point where 
he could detect erratic maneuvers and, by radio, describe 
the vehicle and erratic maneuvers to the interview team. As 
the motorist came into sight, the state trooper motioned the 
driver onto the shoulder. After informing the driver of the 
purpose of the interview and emphasizing that he was not 
being stopped for a traffic violation, the trooper introduced 
the interviewer and then moved out of view. The interview 
lasted no longer than 2 or 3 mm. 

Interview periods varied from site to site. In Harrisburg, 
Pa., and Pittsburgh, Pa., interviews were conducted during 
the day on Friday and Saturday, but none was allowed at 
night. Interviews were not permitted by the police at the 
Baltimore, Md., sites during the weekend periods, because 
of the high volumes; but night interviews were obtained at 
two of the sites. At two sites, no interviews were con-
ducted. At one location the erratic maneuver rate was 
relatively low; at the other there was no safe, convenient 
place to conduct the interview. 

Remedial Changes 

One of the study objectives was to recommend remedial 
measures to improve traffic operations and safety at exist-
ing gore area configurations. Therefore, for each study site 
the erratic maneuver data and the driver interviews were 
analyzed to ascertain what deficiencies existed and how 
they might be remedied. The analysis and recommendation 
procedure consisted of: 

I. A review of the erratic maneuver patterns to deter-
mine the nature and degree of the problem (e.g., whether 
mainly exiting or through vehicles were involved; whether 
the problem was more severe at night). 

The results of the driver interviews (where available) 
were used to determine what the motorists believed was the 
problem. 

A subjective determination of the changes in signing 
and/or delineation that would alleviate the identified 
problems. 

Recommended treatments for each study site were sub-
mitted to the State Traffic Engineer of either the Pennsyl-
vania Department of Transportation or the Maryland State 
Highway Administration, as appropriate. Although in some 
cases deficiencies were noted in geometric design, the 
recommended changes involved only alterations in sign 
legends or delineation. The recommended changes for 
each site are discussed in Appendix B. Nearly all of the 
suggested changes were approved by the two states; how-
ever, they could not all be implemented within the project's 
time limitations. 

The successes or failures of the remedial measures in-
stalled were then determined by examining the changes in 
erratic maneuver rates after the treatments were applied. 
Erratic maneuver observations were made during essen-
tially the same hours and days of the week used in the 
"before" study period. Appropriate statistical tests were 
used to ascertain if any significant reductions in rates 
occurred. 

Supplemental Gore Delineation Study 

The location of the gore is usually perceived easily during 
daylight hours, but with considerably more difficulty during 
darkness. At night, especially when there is no illumina-
tion, the motorist can no longer rely primarily on a direct 
view of the total geometry—instead he must depend on 
signing and delineation to supply the necessary information. 
However, the post-mounted EXIT sign situated in the gore 
area is the only sign in the entire standard exit signing 
sequence that gives any indication of the specific location 
of the gore, and even this sign may be misleading because 
of inconsistencies in its location with respect to the nose of 
the gore area. Hence, delineation is probably the most 
beneficial information source to the motorist exiting at 
night because it outlines and, therefore, pinpoints the 
location of the gore. 

The objective in this supplemental study was to measure 
the effects of the presence of gore area delineation on driver 
performance at night. A secondary objective was to deter- 
mine which, if any, of the various delineation devices 
(pavement markings, post delineators, raised pavement 
markers) is most effective in terms of certain specific traffic 
performance measurements. Two right-hand exits—one 
with a parallel-lane type of deceleration lane and one with 
a direct-taper type—were selected as the test sites. The 
study methodology was developed around the determina-
tion of which gore area delineation treatment(s) con-
tributes the most to better use of the deceleration lane and, 
thus, safer exiting maneuvers. The research approach, and 
results, are described in Appendix C. 
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CHAPTER TWO 

FINDINGS 

The principal findings of this project are presented under 
four main categories, which relate to the over-all objectives: 
(I) the findings of the state-of-the-art summary are pre-
sented as a series of lessons learned; (2) there is a general 
discussion of erratic maneuvers: types, frequencies, varia-
tions over days of the week and time of day, and relation-
ships to accidents and volumes; (3) the factors that cause 
erratic maneuvers are outlined (these are generalized from 
the more specific results obtained in the case studies); and 
(4) findings relating to the effectiveness of a number of 
traffic control devices as remedial measures are presented. 

All of the findings are derived from the results of the 
four major study tasks: 

State-of-the-art summary (Appendix A). 
Nine case studies (Appendix B). 
Gore area delineation field study (Appendix C). 
Extended period of erratic maneuver observations 
(Appendix D). 

STATE-OF-THE-ART SUMMARY 

Past and current research pertaining to the problems of 
traffic operations and safety at exit gore areas were re-
viewed and synthesized to assure development of an ef-
ficient experimental design (minimizing redundancy with 
past studies) and to prepare a state-of-the-art document 
(Appendix A) for practicing traffic engineers and design-
ers. Information is categorized and reported under six 
major headings, which follow. 

The information gathered regarding what has been 
learned (and to a lesser extent, what additional research 
is needed) is presented as a series of lessons learned, with 
discussions of experimental bases, assumptions, and quali-
fications, in each of the six subject areas. The lessons pre-
sented here are the findings from the literature review and 
previous pertinent field experience. 

Geometric Design 

A. Macrodesign Elements 

All exit junctions should be clearly visible to the 
driver. Adequate visibility of the exit layout reduces the 
element of surprise and gives the driver time to prepare 
for and properly execute the exiting maneuver. 

Exits should leave the mainline from a tangent section. 
Use of lefthand exit ramps should be avoided 

wherever possible. Under some conditions, left exit ramps 
do operate efficiently and safely, but generally they tend to 
be more hazardous because of the confusion generated by 
the element of nonuniformity in the system. 

Successive exits must be adequately spaced to allow  

for signing and vehicle maneuvering. Exits too closely 
spaced will force some drivers to hasten the exiting 
maneuver, thereby creating hazardous operations at the 
gore. 

B. Microdesign Ele,nenis 

The diverge area should be designed to encourage 
high-speed exiting and to cause little interference with 
through traffic. 

The long direct-taper deceleration lane is opera-
tionally superior to the parallel-lane type as it provides a 
straight travel path, which is the maneuver drivers prefer. 

The deceleration lane should be of sufficient length to 
allow comfortable, uniform deceleration. 

Full-width shoulders should be provided along the 
deceleration lane. 

The exit nose should be substantially offset from the 
edge of the through lanes. 	- 

The gore area should be as level with the roadway as 
practicable. 

An angle of divergence of 3° to 5° should be used for 
high-speed exits. The divergence angle must be sharp 
enough to provide a clear cue as to the beginning of the 
ramp, but not so sharp that it causes operational problems 
for the exiting driver in accomplishing the adjustive track-
ing maneuvers. 

Exit ramps should have only a single lane at the gore. 
(Major forks may have more than one lane in each 
direction.) 

Off-ramps should be designed to include upgrades 
where feasible. 

Traffic Characteristics 

A. Speeds in the Deceleration Lane 

The vehicle should enter the deceleration lane at a 
speed comparable to the through traffic flow speed and 
decelerate in the deceleration lane to a speed suitable for 
negotiating the exit ramp properly. 

The speed profile in the deceleration lane is a function 
of the speed of through traffic, the length of tangent pro-
vided for deceleration purposes, and the ramp curvature or 
terminal. 

Unfortunately, most exiting drivers slow down on the 
through road, before entering the deceleration lane. 

Given long deceleration distances, drivers choose to 
postpone final deceleration rather than decrease their de-
celeration rate over the total usable distance. 

S. Drivers do not obey warning speed signs placed at the 
beginning of the deceleration lane. 



B. Speeds on the Through Road 

Although speeds of mainline vehicles are not greatly 
affected by the presence of an exit per se, they are affected 
by the presence of slower-moving exiting vehicles. 

Speeds of through vehicles are least affected in lanes 
most removed from the gore area. 

C. Point of Entry into Deceleration Lane 

Proper design of exit areas will encourage the driver 
to enter the deceleration lane immediately after it begins. 

Drivers performing the exit maneuver prefer to do 
so using a straight-line path requiring a minimum of 
maneuvering. 

D. Effects of Left-Hand Ramps 

Left-hand exit ramps on level freeways do not seri-
ously impair the caj,acity of the through lanes. 

Left-hand exit ramps do not adversely affect the 
speeds of vehicles through the exit area. 

Density of traffic upstream from left-hand exit ramps 
is not excessive or abnormal (as compared to similar 
conditions for right-hand ramps). 

Exiting truck traffic does not degrade the quality of 
flow on left-side exits, provided that the exit areas are level 
and that trucks are not required to keep right. 

Vehicles enter left-side-exit deceleration lanes very 
near the beginning of the lanes. 

E. Weaving 

I. Adequately spaced and signed exit ramps do not 
create excessive mainline weaving problems. 

F. Lateral Placement in Exit Ramp 

1. Gore markings tend to move vehicle placement to-
ward the edge of the deceleration lane pavement. 

Accidents 

A. Accident Experience Related to Geometric Design 

The accident rate at off-ramps is reduced as the length 
of the deceleration lane is increased. 

The benefits gained in terms of reduced accident rates 
by additional length of deceleration lanes are related to the 
percentage of diverging traffic. 

Large angles of divergence and poor visibility in-
crease accident rates at exit areas. 

Accident rates at left-side exits are higher than at 
similar types of exits on the right side. 

Accident rates are lower at straight off-ramps than at 
curved off-ramps, and are lower at ramps with short radii 
and large central angles than at ramps with medium-range 
radii and central angles. 

B. Accident Experience Related to Delineation 

1. Substantial increases in ramp accident rates occur at 
night, as compared to the daylight hours. 

C. Accident Experience Related to Driver Population 

Interchange accident records indicate a significant dif-
ference in accident experience between rural and urban 
interchanges. Exit ramps account for a higher percentage 
of accidents than entrance ramps in rural areas, but the 
reverse is true in urban areas. 

The percentage of ramp accidents involving out-of-
state vehicles is approximately equal to the percentage of 
such vehicles in the total traffic. 

Human Factors 

A. The Driving Task in Exiting 

All three levels of performance—i.e., steering and 
speed control (microperformance); adjusting to changing 
situational factors (situational performance); and direction 
finding (macroperformance)—come into play for a driver 
exiting from a freeway. 

The ideal exit maneuver can be described as follows: 
The driver should maintain relatively constant 
velocity in the mainstream. 
The driver should be in the right lane (if the exit 
is on the right side) prior to the start of the 
deceleration lane. 
The driver should enter the deceleration lane 
shortly after it begins. 
Deceleration should occur gradually, beginning 
immediately after clearing the mainline. 
Ramp speed should be reached before the end of 
the deceleration lane. 

B. Information Requirements for Exiting 

For exiting from the freeway, the driver must have 
information regarding his destination, the intended path, 
and the surrounding traffic. 

Signing 

1. Six principles (interpretation, continuity, advance notice, 
relatability, prominence, and unusual maneuvers) should 
be considered in the design, installation, and maintenance 
of directional signing for freeways to reduce driver 
confusion. 

The use of diagrammatic signs, especially at complex 
interchanges, shows good potential from both the safety 
and judgmental viewpoints. 

The placement of advance warning information is 
important in effecting appropriate exit maneuvers. 

The mixing of background colors on information 
signing is confusing. 

Driver expectancy plays a critical role in interpreta-
tion of information presented to the driver. 

Cardinal direction markers are an important guide to 
drivers. 

The use of exit numbers is beneficial because they 
assist the driver in locating the interchange at which he 
desires to exit. The MUTCD (29) should be followed in 
placing these numbers. 

The use of directional arrows on advance exit signs 
can be confusing to the motorist. 



Delineation 

1. Using raised pavement markers or some form of a raised 
stripe for gore markings, instead of standard paint mark-
ings, measurably improves their visibility. 

Color-coded delineation eases the driver's task in exit-
ing freeways by presenting a better-defined path. 

Illumination, supplemented by an adequate delinea-
tion system, can improve operations and safety at exit gore 
areas. 

ERRATIC MANEUVERS AT EXIT GORE AREAS 

What constitutes an erratic maneuver at a freeway exit? In 
general, an erratic maneuver consists of any movement that 
involves a sudden disruption in the continuity of direction 
and/or the speed of the vehicle, or a deviation from the 
traveled path intended by the design and traffic engineers 
responsible for the geometric configuration and markings of 
the exit area. 

Other researchers have used erratic maneuvers as an 
evaluative nieasure, and each has defined and classified 
them differently (1, /2, 36, 39, 40). For purposes of this 
study, eight different types of erratic maneuvers were 
considered: 

Cross gore paint. 
Cross gore area. 
Stop in gore. 
Back up. 
Sudden slowing. 
Lane change (to exit). 
Swerve. 
Stop on shoulder. 

These types are defined in Chapter One. Two of these—
sudden slowing and swerving—are subjective in nature; 

TABLE 2 

SUMMARY OF ACCIDENT DATA 

SITE 

NO. 

AND 

IDENTIFICATION 

ACCIDENTS (2 YR) 

WITH 

PRIOR 

ERRATIC 

MANEU- 
TOTAL 	VER 

EM 

ACC. 
_____ 

TOTAL 

ACC. 

(%) 
4 1-79S at Exit 18 for 47 9 19 

Greentree and Crafton. 
5 1-76E at Exit 14 for 20 4 20 

Business US 22. 

6 1-76W at Exit 13 for 26 5 19 
Churchill. 

7 1-95S at 1-695 10 7 70 
8 Baltimore-Washington 11 3 27 

Expressway to Har- 
bor Tunnel Thruway. 

9 Harbor Tunnel Thru- 12 8 67 
way to Baltimore- 
Washingtor Express- 
way, Exit 15. 

therefore, "counts" depend somewhat on the observer's 
opinion. However, proper training of observers can over-
come this problem. 

In a sense, an erratic maneuver can be considered an 
accident, meaning that it is a maneuver that the driver had 
not intended to make. Erratic maneuvers are nearly always 
hazardous, and often result in accidents. Although it was 
not possible, within the scope of this study, to define the 
specific relationship between accidents and erratic ma-
neuvers, the accident reports during two recent years for 
six of the study sites were examined to see if an erratic 
maneuver (as defined previously) had occurred prior to the 
accident. (The three Harrisburg sites had an accident his-
tory of less than one year and the data were not available.) 
The results of this cursory investigation (Table 2) indicate 
that a substantial portion of interchange accidents are pre-
ceded by an erratic maneuver. Therefore, it is believed that 
a reduction in the frequency of erratic maneuvers is likely 
to result in a reduction in the number of accidents. 

What is the frequency of occurrence of erratic ma-
neuvers at exit gore areas? Naturally, the EM rate varies 
from site to site, and from time to time at a given site. 
Table 3 summarizes EM rates at the nine study sites for 
the "before" condition. The rates are given in percent-
ages—i.e., the number of erratic maneuvers per 100 cars. 
Exiting vs through rates, and day vs night rates are given, 
as is the total average EM rate over a three-day observation 
period. 

Because the sites selected were problem sites, the rates 
are higher than would normally be encountered. The low-
est total rate was 0.20 percent; the highest was 5.15 percent. 
At nearly all sites, the exiting rate was higher than the 
through rate. However, at the exit lane drop sites the 
through EM rate approached or exceeded the exiting rate. 
(At all the lane drop sites, the actual number of erratic 
maneuvers committed by the through drivers was higher 
than that by the exiting drivers, but the rates were lower 
in some cases because of the considerably higher through 
volumes.) 

Table 3 compares day and night rates. These percentages 
reflect both exiting and through vehicles. The data show 
that the night rates were generally higher than the day rates. 

At Sites 2 and 3 the lights had been installed but were 
not activated during the "before" data collection; thus, these 
data were taken under a "no light" condition. During the 
"after" data collection, the lights were turned on, and a 
reduction in the night EM rate was obtained. This result 
indicates that benefits, in the form of reduced numbers of 
erratic maneuvers, can be brought about by illumination of 
the exit area. (The effectiveness of lighting per se cannot 
be precisely determined, as changes in signing were also 
made in the time interval between data collection periods. 
However, at one of the sites the night EM rate did de-
crease significantly, whereas the day rate did not change.) 

Table 4 gives the relative frequency of each type of 
erratic maneuver at nine study sites. As might be expected, 
a large majority of the erratic maneuvers are the "cross 
gore paint" variety. The more dangerous maneuvers, such 
as backing up or stopping in the gore area, occur less often. 
In this study the erratic maneuver types were not weighted 



TABLE 3 

SUMMARY OF "BEFORE" EM RATES 

SITE 

NO. 
AND 
IDENTIFICATION 

EM RATES (%) 

THROUGH 

EXITING 	EM 

EM 
THROUGH 

EXIT VOL. 	VOL. 

DAY EM 

DAY VOL. 

NIGHT EM 

NIGHT VOL. 

TOTAL EM 

TOTAL VOL. 

1 I-83S at Exits 27-28 2.18 0.55 1.18 1.10(L)1 ' 1.17 

2 US 322W to 1-83, 1-283 
Left ramp 3.42 0.02 0.23 0.50 0.28 
Right ramp 1.27 0.29 0.48 0.69 0.51 

3 1-283N to 1-83, US 322 
Left ramp 9.18 2.02 4.94 6.28 5.15 
Right ramp 1.39 2.60 2.39 2.35 2.39 

4 I-79S at Exit 18 0.00 0.79 0.44 1.13 0.60 

5 I-76E at Exit 14 0.40 0.08 0.17 0.31 0.20 

6 1-76W and Exit 13 0.89 0.16 0.33 0.24 0.30 

7 I-95S at 1-695 0.95 0.74 0.83 0.58 (L) 0.80 

8 Baltimore-WashingtOn 0.87 0.08 0.36 0.49 (L) 0.39 
Expressway to Har- 
bor Tunnel Thruway 

9 HarborTunnelThrUWaY 1.11 0.36 0.81 2.16(L) 0.93 
to Baltimore-Washing- 
ton Expressway, Exit 15 

a Exit lane drop site. 
* (L) = lighted intersection 

to account for the degree of hazardousness. It did not seem 
appropriate to do so, because even a minor infraction, such 
as crossing the gore paint, indicates a breakdown in road-
way-driver information transfer and/or processing. 

How do erratic maneuvers fluctuate over time of day and 
days of the week, and is there a relationship between EM 
rates and volumes? To answer these questions an extended 
study of EM rates at two exit gore areas was undertaken 
(see Appendix D). Erratic maneuvers and volumes were 
recorded on a Thursday through Monday, 19 hr per day, 
from 7:00 AM until 2:00 AM-a total of 95 hr of data 

collection for each ramp. 
The results of the analyses concerning fluctuations of the 

EM rates indicate they do vary over time and with day of 
the week. To determine if there was a meaningful pattern 
of fluctuation, time series analysis was employed. The 
findings of that study are as follows: 

EM rates exhibited a pattern of fluctuation over time 
of day. Generally, the rates were about 50 percent higher 
after lunch, after rush hour, and during the first hour of 
darkness than during mid-morning and mid-afternoon. No 
firm conclusions could be made regarding EM rates during 
early morning and late night hours. 

At the ramps studied, EM rates exhibited a pattern of 
fluctuation over days of the week. The rates decreased 
steadily on Thursday, remained at a fairly constant lower 
level on Friday, increased late Friday, remained high on 
Saturday, declined slightly on Sunday, and remained at the 
lower level on Monday. 

A multiple regression analysis was performed on the 
erratic maneuver and volume data to determine if a nu-
merical relationship existed between the two. Results 
showed that for the two sites studied, a small negative 
relationship existed between EM rates and traffic volumes. 
However, the relationship was weak enough (R2  = 0.2 and 
0.07 for the two ramps) to conclude that little error is 
involved in not correcting for volume changes in a "before 
and after" study. 

CAUSES OF ERRATIC DRIVER BEHAVIOR 

A prime objective in this project was to determine the cause 
of erratic driver behavior in the vicinity of the exit gore 
area. Knowledge of the causative factors is a prerequisite 
to recommending remedial measures and changes to traffic 
control and design criteria. 

The causes of erratic driver behavior at each study site 
were determined by an analysis of the erratic maneuvers 
observed and the results of on-site driver interviews. As 
explained earlier, erratic maneuvers were classified by type, 
by movement (exiting or through), and by light condition 
(day vs night). This classification assisted in determining 
the nature of the problem and the relative causation factors. 
For example, if the through EM rate is much larger than 
that for exiting vehicles, it is hypothesized that the problem 
involves through drivers being enticed into the exit lane 
rather than confusion on the part of the exiting motorists. 
Also, if the EM rate is considerably higher at night than 



TABLE 4 

FREQUENCY OF ERRATIC MANEUVER TYPES 

ERRATIC MANEUVER 
TYPE 

RELATIVE 

FREQUENCY 

(%) 

Exiting: 
Cross gore paint 69 
Cross gore area 9 
Stop in gore 6 
Backup 2 
Sudden slowing 1 
Lane change (to exit) 9 
Swerve 1 
Stop on shoulder 4 

Total 100 

Through: 
Cross gore paint 61 
Cross gore area ii 
Stop in gore 12 
Back up 2 
Sudden slowing io 
Swerve 2 
Stop on shoulder 2 

Total 100 

during the day, this indicates that the delineation and 
marking of the exit area may be inadequate. 

The most valuable inputs in determining the causative 
factors were the results of the driver interviews. At seven 
of the nine study sites motorists who had made erratic  

maneuvers were stopped either on the exit ramp or on the 
shoulder of the mainline and interviewed. (Interviews were 
not conducted at two sites because there was no safe place 
to stop the motorist.) Results of the interviews are de-
scribed in Appendix B. In this section, summary results 
and general factors that cause erratic behavior are discussed. 

The first part of the interview form (Appendix F) con-
tains seven questions dealing with driver and trip charac-
teristics. The intent of these questions is to ascertain if 
there are any trends evident in the types of drivers or the 
types of trips associated with erratic maneuvers. Table 5 
summarizes the information derived from these questions in 
all the interviews. 

The table indicates that 78 percent of all drivers inter-
viewed were male. Although the majority interviewed were 
male, this cannot be interpreted to mean that male drivers 
are more prone to make erratic maneuvers than females, as 
information regarding the total male-female percentage 
split of all drivers passing through the sites is not available. 
(An unpublished study at the Pennsylvania Transportation 
and Traffic Safety Center, under the direction of Dr. Frank 
Haight, estimates the exposures of male vs female drivers 
throughout Pennsylvania at 90 to 10 percent.) 

The same argument can be applied to the question deal-
ing with driver age. Of those interviewed, 67 percent were 
between the ages of 26 and 55. Because there are no 
"exposure" data regarding the percentage age split of all 
drivers passing the sites, it cannot be implied that any age 
bracket has a greater tendency to commit erratic ma-
neuvers. (Haight's study indicates the exposure for the 
25-59 age group is 64.6 percent.) 

The percentage split of out-ofstate and in-state drivers 

TABLE 5 

SUMMARY OF DRIVER INTERVIEW RESPONSES, PART I 

QUESTION RESPONSE 

NO. OF RESPONSES, BY SITE No. 

1 	3 	4 	6 	7 	8 	9 TOTAL 
% OF 
TOTAL 

Sex Male 23 31 10 26 33 14 22 159 78 
Female 8 8 3 3 11 5 7 45 22 

Out-of-state Yes 5 4 2 4 37 19 28 99 49 
No 26 33 11 25 7 0 1 103 51 

Age Less than 26 5 4 1 6 7 3 5 31 16 
26-40 15 10 8 8 11 7 13 72 39 
41-55 4 3 3 14 15 7 7 53 28 

Greater than 55 7 7 1 1 11 2 4 33 17 
Exit/route More than once a week 8 2 2 9 4 0 1 26 13 

use More than once a month 7 2 2 5 1 2 0 19 10 
More than once a year 2 7 4 3 18 2 5 41 20 
Seldom or never before 14 27 5 12 20 14 23 115 57 

Trip type Commuting 2 0 0 3 0 0 0 5 2 
Shopping 5 4 1 7 0 0 0 17 8 
Private business 19 21 8 15 25 9 5 102 51 
Recreation or pleasure 5 14 4 4 18 9 24 78 39 

TripoversO Yes 8 30 4 8 40 18 29 137 67 
miles No 23 9 10 21 4 0 0 67 33 

Map use Yes 3 13 3 1 22 13 19 74 54 
No 5 17 1 7 18 5 10 63 46 
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was fairly even, considering all sites. However, this state-
ment may be somewhat misleading. At Sites 1, 3, 41  and 6 

there are only a few out-of-state drivers. These sites are 
located in urban areas where the percentage of out-of-state 
drivers is very low. However, at Sites 7, 8, and 9 a large 
majority of those interviewed were out-of-state. These sites 
are located on 1-95, which carries a large percentage of 
out-of-state drivers. Again, there are no exposure data 
regarding the frequency of out-of-state drivers at each of 
the sites. Over-all, however, it appears that the incidence 
of erratic maneuvers among out-of-state drivers is higher, 
in terms of percent, than for in-state drivers. (For the state 
of Pennsylvania as a whole, Haight's data suggest the 
in-state vs out-of-state exposure split is 88 to 12 percent.) 

The results of the two questions concerning frequency 
of exit or route use and the trip type are more revealing. 
Of those interviewed, 57 percent had "seldom or never 
before" traveled the route or used the exit, and 20 percent 
indicated that they use the exit or route "more than once 
a year" but not "more than once a month." These results 
give credence to the thesis that most erratic maneuvers are 
made by motorists who are unfamiliar with the route they 
are traveling. In regard to trip type, 90 percent were on 
a private business trip or a recreation/pleasure trip. These 
trip purposes are more likely to involve unfamiliar routes 
for the driver, as contrasted to the shopping or commuting-
to-work trips, which involve familiar and frequently used 

routes. 
As might be expected, for most of those interviewed, the 

trips were more than 50 miles in length. However, this was 
not true at all sites. At Sites 1, 4, and 6 most of those 
interviewed were on trips with lengths less than 50 miles. 
These exits are more local in nature than the other sites, 
which are at major route junctions. 

The question concerning map use was asked only of 
those who said their trip was more than 50 miles long. It 
was interesting that 46 percent of those responding stated 
that they had not consulted a map in planning their route. 
Insufficient trip planning could easily result in driver in- 
decision when he arrives at his exit. Further, if the driver 
has traveled the route once before, he may think he can 
remember the proper direction. However, on arriving at 
what he believes is the correct exit, he may become un-
certain, resulting in erratic driver behavior. 

In summary, analysis of Part I of the driver interviews 

indicates that: 

I. For the sites studied, most drivers interviewed were 
infrequent (less than once a month) users of the route, 
and nearly all the drivers were on a private business or 

a recreation/pleasure trip. 
Almost half of those motorists who were on trips with 

lengths in excess of 50 miles had not consulted a map in 
planning their trips. 

Conclusions related to the influence of variations in 
driver characteristics (sex, age, out-of-state vs in-state li-
censes) for the sample of motorists making erratic ma-
neuvers at the study sites could not be definitively formu-
lated because of the lack of exposure data. 

For the second part of the interview, questions were 
developed to determine from the motorist which factors 
caused him to make an erratic maneuver. Some of the 
questions required specific answers whereas others elicited 
the drivers' general comments regarding problems they en- 
countered. The results of the specific questions are sum-
marized in Table 6 for the exiting driver interviews, and in 
Table 7 for the through driver interviews. The "through" 
and "ramp" questions differed slightly to be more appro-
priate to the different drivers. 

For exiting motorists (Table 6), the first question dealt 
with the driver's knowledge of the exit being the one he 
desired. Data show that more than half of those inter-
viewed were not adequately prepared for the exit. 

The next question concerned motorists' opinions of the 
signs. More than half, by their comments (discussed later), 
indicated the signs were not clear or that they did not meet 
their expectations because of (1) a lack of needed informa-
tion or (2) misleading information. In either case the re-
sult was the same—indecision on the part of the motorist, 
leading to erratic maneuvers at the gore area. 

The third question asked whether there was sufficient 
advance information to get ready for the exit. Data show 
that 59 percent believed they did have enough advance 
warning; 25 percent indicated they did not. 

The last two questions were designed to determine if the 
driver had difficulty in distinguishing the location of the 
exit area, and whether the road markings helped to iden-
tify the ramp location. For both questions a large percent-
age indicated they had no problems in identifying the exit 
area. However, almost all of the interviews were conducted 
during daylight hours. Had more interviews been obtained 
at night, when visibility of the ramp area is more limited, 
motorists might have responded negatively more frequently. 

Table 7 summarizes the answers to the questions posed 
to drivers who made erratic maneuvers and continued 
through. Sites 4, 6, and 7 were exit lane drops, where it 
would be expected that a through erratic maneuver type 
would be more prevalent. 

Answers to the first question show that 47 percent were 
aware that it was not the exit they wanted. When con-
sidering only the exit lane drop sites, this percentage is 
even higher. Another 28 percent stated that they were not 
sure it was the exit they wanted. At Site 3, this response 
was the most frequent. 

The intent of the second qeustion was to determine if 
those motorists who made erratic maneuvers had difficulty 
in identifying their direction. About half of those inter-
viewed indicated that they did have problems, a situation 
that would lead to driver confusion at the exit area. The 
answers to this question, however, do not indicate why 
drivers could not identify their route. The remaining 
questions provided an insight into those reasons. 

In regard to their opinions of the signing, only 4 percent 
said that the interchange signing made it clear to them 
whether or not it was their exit; 35 percent stated that it 
did not. At Site 3 the majority said that the signs were not 
clear to them, whereas at the other sites that were exit lane 
drops, the majority thought the signs were clear. This indi-
cates that at exit lane drops motorists make erratic ma- 
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TABLE 6 

SUMMARY OF DRIVER INTERVIEW RESPONSES 
PART 11—EXIT RAMP QUESTIONS 

QUESTION RESPONSE 

NO. OF RESPONSES, 
BY SITE NO. 

1 	3 	6 	8 9 TOTAL 
% OF 
TOTAL 

Did YOU know it was the exit you Yes, all along 10 11 15 10 9 55 45 
wanted? Yes, at last 2 4 1 3 4 14 12 

minute 
Not sure 17 10 4 4 15 50 41 
Itwasn't 0 0 1 0 1 2 2 

Did the signs make it clear to you Yes 12 12 17 7 10 58 49 
this was the exit you wanted? Roughly 9 5 4 0 15 33 28 

No 77010428 23 
Did you have enough advance Yes 12 15 19 7 10 63 59 

information to get ready for Barely 2 1 1 5 8 17 16 
this exit? No 11 5 0 4 6 26 25 

Were you able to distinguish the Yes, exactly 24 19 20 7 27 97 85 
location of the exit ramp? Roughly 2 2 0 6 0 10 9 

No 1 1 0 3 2 7 6 
Do you think the road markings Yes, exactly 24 19 19 8 28 98 88 

clearly identified where the Roughly 1 0 1 6 0 8 7 ramp was? No 1 3 0 1 1 6 5 

neuvers not because the exit signing confuses them into 
thinking that this is their exit but rather because they are 
not aware that it is a lane drop until the last minute. 

For the last two questions, a total of 21 percent re-
sponded they could not clearly distinguish the location of 
the exit ramp and 34 percent thought the road markings 

were inadequate. Apparently some drivers were unsure of  

their direction because they could not adequately dis-
tinguish the exit area from the through lanes. 

In summary, the findings from the questions in Tables 6 
and 7 are as follows: 

1. For motorists who made erratic maneuvers and exited, 
more than half of those interviewed were not properly pre-
pared for the exit. In many cases they were not at all 

TABLE 7 

SUMMARY OF DRIVER iNTERVIEW RESPONSES, 
PART 11—THROUGH ROUTE QUESTIONS 

NO. OF RESPONSES, 
BY SITE NO. 

QUESTION 
% OF 

RESPONSE 	 3 4 6 7 	TOTAL TOTAL 

Did you think that was the exit Yes, all along 1 1 1 12 15 20 
you wanted? Yes, at last minute 2 0 0 2 4 5 

Not sure 11 2 2 7 22 28 
It wasn't 0 10 4 22 36 47 

Did you have problems identi- Yes 9 3 4 21 37 49 
fying where to go? No 5 10 3 21 39 51 

Do you think the signs made Yes 1 7 4 22 34 47 
it clear to you whether or Roughly 4 0 2 7 13 18 not this was your exit? No 8 5 1 11 25 35 

Were you able to distinguish the Yes, exactly 10 10 4 31 55 79 location of the exit ramp? Roughly 2 1 1 5 9 13 
No 1212 6 8 

Do you think the road markings Yes, exactly 8 9 4 23 44 66 clearly identified where the Roughly i 0 0 5 6 9 ramp was? No 4 4 1 8 17 25 
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certain it was the exit they wanted, and this uncertainty was 
a result of the sign legends. Very few indicated that they 
had difficulty in locating the exit ramp. 

2. For motorists who made erratic maneuvers and con-
tinued on the mainline, results were somewhat different. 
Three of the four locations where mainline interviews were 
conducted were exit lane drops. At these locations, most 
motorists queried were aware that it was not the exit they 
wanted and thought that the signs (i.e., the message con-
tent) did make it clear to them that it was not their exit. 
However, several indicated that they were unable to iden-
tify the proper lane for their route, meaning they were not 
aware of the lane drop situation. A significant number 
responded that they could not clearly identify the exit ramp 
location. For the one site that did not involve an exit lane 
drop, confusion resulting from sign messages had more 

significance. 

Although the results of the specific questions posed in 
Parts I and II of the interview did indicate the causes of 
erratic maneuvers, the most valuable information came 
from the drivers' explanatory or elaborative comments. 
Although a few interviewees were reticent and terse in their 
responses, most spoke freely about the problems they 
encountered and the causes of their erratic maneuver. 

The following are examples of the responses received: 

"Decided at last minute to get off to find a gas station." 
"Thought that exits were always on the right." (Re-

sponse in reference to a left-hand exit.) 
"Merged at prior entrance ramp and could not change 

lanes." 
"Thought that I was going to get off at my normal exit, 

but remembered at last minute to go straight to the airport." 
"Just wasn't sure of directions ... hadn't checked 

my map thoroughly." 
"Wasn't paying attention." 
"Signing needed to identify exit lane drop." 
"Need exit sign clearly saying exit." 

All the motorists' remarks, as well as answers to the other 
questions, are listed for each study site in Appendix B. 
These examples indicate that several factors cause erratic 
maneuvers, and these factors vary with each site. 

To provide a better understanding of the various factors 
that cause erratic maneuvers, the motorists' remarks that 
were believed to be relevant to causation were listed under 
three major categories: (1) driver-related problems, (2) in-
formation deficiencies, and (3) geometric deficiencies. 
These major categories, selected by the researchers to assist 
in analyses of the interview data, are further stratified in 
Table 8. Before the results of the interview responses are 
discussed, the rationale for placing the remarks into the 
nine factors is explained. 

The first three factors are categorized as driver-related 
problems because they are a result of the driver's decision 
process uninfluenced by information or geometric de-
ficiencies. Some motorists stated that they were either 
distracted (usually by a passenger) or merely not paying 
attention to their driving task and the information provided. 
For example, one motorist was on his way to assist his son 
who had just been in a vehicle accident. His inattentive- 

ness resulted in his backing up an unwanted exit ramp to 
continue on the mainline. Another group of motorists 
indicated that they understood the sign messages and knew 
the route, but for various reasons changed their minds "at 
the last minute" to exit or continue through. Other iriolol-

ists also understood the sign messages but simply were not 
certain of the proper route to take. 

The second major category dealt with information pro-
vided by signs and markings, or the lack thereof. Sign 
legend was listed as a factor if the motorist indicated that 
he was confused because of misleading information, lack 
of information, or if the legend did not meet his expecta-
tions or needs. Insufficient advance warning was spe-
cifically mentioned by several motorists and was listed 
separately as a factor. Inadequate sign visibility refers to 
remarks concerning blockage of signs by trucks, or sign 
messages that were considered to be too small. The last 
factor was identification of inadequate road markings and 
delineators. 

The third major category concerned deficiencies related 
to geometrics. This category was divided into (1) visi-
bility of ramp area and (2) inadequate design. Some 
motorists stated that they could not adequately see the 
ramp area, and identified this as a factor. Others gave 
reasons that could be classified as inadequate design. For 
example, at one site where an on-ramp immediately pre-
ceded an exit lane drop, several motorists stated they did 
not have adequate time to merge into the through lanes 

after entering the freeway. 
Table 8 gives the frequency each factor was cited by the 

motorists at each of the sites. The numbers are then 
summed for each factor and converted into percentages. 
The results show that information deficiencies accounted 
for more than half of the responses at the sites studied. 
Of those interviewed, 47 percent identified the sign legend 
or inadequate advance warning as a factor leading to their 
erratic maneuver. Several motorists became confused be-
cause they could not relate their destination to the informa-
tion provided by the sign legend. Others thought they did 
not have adequate advance warning (this comment was 
especially prevalent at the exit lane drop sites). 

Of those interviewed, 37 percent cited factors not related 
to geometric or information deficiencies. Several motorists 
(20 percent) indicated they were not sure of their direction. 
Apparently many motorists have not adequately prepared 
for their trips because they have not consulted a map. 
Under the definitions and categorization used in this study, 
erratic maneuvers resulting from driver-related problems 
cannot be remedied by traffic control devices. 

The remaining 10 percent of the drivers identified geo-
metric deficiencies as the primary cause. 

In summary, the results of the driver interviews provided 
the following findings regarding causes of erratic maneuvers 
at freeway exit ramps: 

I. In general, it is hypothesized that erratic maneuvers 
result from three broad factors. The causes do not act 
exclusively of each other, and vary from site to site. 

2. Driver-related problems can be divided into three fac-
tors. Some motorists make erratic maneuvers because they 
are either distracted, usually by a passenger, or inattentive 
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TABLE 8 

FREQUENCY OF FACTORS CITED BY DRIVERS 
AS CAUSING ERRATIC MANEUVERS 

FACTOR 

FREQUENCY, BY SITE NO. 

1 	3 	4 	6 	7 8 9 TOTAL 
% OF 
TOTAL 

Driver-related problems: 
I. 	Distracted or inattentive 6 3 0 0 7 0 0 16 8 
2. 	Last-minute change of mind 3 4 1 7 2 0 0 17 9 
3. 	Not sure of direction 6 14 1 3 6 4 4 38 20 

Subtotal 37 
Information deficiencies: 

4. 	Sign legend 14 8 1 2 12 6 5 48 27 
5. 	Insufficient advance warning 0 3 4 6 13 3 9 38 20 
6. 	Inadequate sign visibility 0 1 0 0 0 1 7 9 5 
7. 	Inadequate road markings or 1 0 0 0 0 0 0 1 1 

delineators 

Subtotal 
53 

Geometric deficiencies: 
8. 	Visibility of ramp area 0 2 0 3 0 3 0 8 4 9. 	Other inadequate design features 0 1 6 5 0 0 0 12 6 

Subtotal 
10 

Total 187 100 

to their driving task. Others, aware of their direction, 
change their minds at the last minute for various reasons. 
Some drivers, especially those who have not consulted a 
map and planned their route, are not sure of their direction, 
resulting in hesitation and indecision. These three causes 
are related because they cannot be remedied by changes in 
traffic control devices, but only by more efficient use of 
accurate road maps and increased attention by the motorists. 

3. Information deficiencies that cause motorist confusion 
are the major cause of erratic maneuvers: 

Many motorists are confused by the sign legends. 
Either they cannot relate their destination to those on the 
sign legend or, often, the sign message is confusing or 
misleading. 

Occasionally there is insufficient advance warning, es-
pecially where an unexpected situation (such as a left exit 
or a lane drop exit) exists. 

At some locations signs are misplaced or too small for 
high-speed freeways, causing motorists to miss important 
directional information. This is becoming less of a problem 
as signs are upgraded to Interstate standards. 

Pavement markings and delineators are not effectively 
used to clearly distinguish the location of the exit area. 
This becomes more critical at night and during periods of 
reduced visibility. 

4. Inadequate geometric design may also lead to erratic 
maneuvers. Insufficient sight distance to the exit gore 
causes driver hesitation and confusion. Also, unusual or 
substandard design features (such as exit lane drops, short 
auxiliary (weaving) lanes, and left-lane exists) contribute 
to erratic maneuvers. 

REMEDIAL TREATMENTS 

One of the principal objectives of this study was to recom-
mend remedial measures to improve traffic operations ai1d 
safety at existing exit gore area configurations. The first 
step toward this objective was to specify test remedial treat-
ments for the case study sites. These test treatments were 
then evaluated through "before and after" analyses of er-
ratic maneuvers (except for Site 9, where a major route 
change occurred between the "before" and "after" data 
collection periods). From the results of these evaluations, 
more general recommendations were developed and are 
presented later in this section and in Chapter Three. 

The test remedial treatments specified for each site were 
based on a subjective analysis of the erratic maneuvers and 
the inputs from the driver interviews. As should be ex-
pected, the treatments varied from site to site, depending 
on the hypothesized deficiencies. In most cases, changes 
were made in the sign legends. These are the primary 
information sources for the motorists; therefore, changes 
in these legends are logical "solutions" to many information 
deficiencies. Delineation was enhanced at some sites where 
it appeared to be inadequate. At two locations illumination 
became a remedial measure because the highway lighting 
system was completed during the interval between the 
"before" and "after" data collection efforts. Details of the 
specific test remedial treatments employed at each site are 
given in the case studies in Appendix B. Table 9 gives a 
summary of the treatments. 

As indicated in Table 10, the remedial measures used 
were successful in reducing the frequency of erratic ma-
neuvers at six of the eight sites. Site 6 showed only a 



TABLE 9 

SUMMARY OF TEST REMEDIAL TREATMENTS 

SITE NO. AND IDENTIFICATION 	TEST TREATMENTS 

I-83S at Exits 27-28. 

2 	Eisenhower Interchange 
-US 322W to I-83N, 
I-83S, and I-283S. 

3 	Eisenhower Interchange 
-I-283N to I-83N, 
I-83S, and US 322E. 

4 	I-79S at Exit 18 for 
Greentree and Crafton. 

5 	I-76E at Exit 14 for 
Business US 22. 

6 	1-76W at Exit 13 for 
Churchill. 

7 	John F. Kennedy 
Memorial Highway 
(1-95) southbound at 
Baltimore Beltway 
(1-695). 

8 Baltimore-Washington 
Expressway to Harbor 
Tunnel Thruway. 

9 	Harbor Tunnel Thruway 
to Baltimore-Washington 
Expressway, Exit 15. 

 Change of destination on 
signs. 

 Removal of nonstandard 
post-mounted directional 
sign. 

 Crystal post delineators 
placed along through route. 

 Rearrangement of sign 
legend. 

 Post-mounted EXIT signs 
installed in gores. 

 Post delineators placed in 
gore areas. 

 Interchange illuminated. 
 Removal of one destination 

from signs. 
 Addition of route shields 

and cardinal directions on 
signs. 

 EXIT ONLY tabs over lane 
drop. 

 Rearrangement of sign 
legend. 

 Change to standard EXIT 

gore signs. 
 Removal of inconsistent 

post-mounted directional 
sign. 

 Interchange illuminated. 
 EXIT ONLY tabs over exit 

lane drop. 
 Special painted lane line 

between the outside and 
middle lane; 8-in, wide, with 
10-ft mark and 10-ft gap. 

 Gore markings repainted. 
 EXIT gore sign installed. 
 Change of destination on 

signs. 
 EXIT gore sign installed. 
 Post delineators installed 

throughout diverge area. 
 EXIT ONLY tabs installed 

over exit lane drop. 
 Reorientation of arrows on 

signs. 
 EXIT gore sign installed. 
 Line separating exit lane 

and throughway painted 
8 in. wide and solid for a 
distance of 600 ft upstream 
from gore. 

 Post delineators installed 
on median and in gore area. 

 Gore markings repainted. 
 EXIT ONLY tab placed on 

last overhead sign over 
exit lane drop. 

 Post delineators installed 
throughout diverge area. 

1. Additional route designa- 
tion on advance signing. 

 Completely new signing 
redirecting much traffic. 

 Change of signs, from blue 
to green backgrounds. 
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TABLE 10 

SUMMARY OF "BEFORE" AND "AFTER" EM RATES 

SITE NO. AND IDENTIFICATION 

EM RATE (%) 

BEFORE AFTER 

SIGNIFICANT 

CHANGE; 

LEVEL OF 

CONFIDENCE 

(%) 

1 	I-83S at Exits 27-28 1.17 0.86 >95 

2 	US 322W to I-83N, 
I-83S, and I-283S 

Left ramp 0.28 0.19 80 
Right ramp 0.51 0.39 80 

3 	I-283N to I-83N, 
I-83S, and US 322E 

Left ramp 5.15 1.73 >95 
Right ramp 2.39 2.36 <50 

4 	I-79S at Exit 18 0.60 0.33 >95 

5 	I-76E at Exit 14 0.20 0.08 >95 

6 	1-76W at Exit 13 0.30 0.26 60 

7 	1-95S at 1-695 0.80 1.50 >95 

8 	Baltimore-Washington 0.39 0.21 >95 
Expressway to Harbor 
Tunnel Thruway 

marginal reduction, and at Site 7 there was an increase. 
The statistical "level of confidence" for each improvement 
is also shown; i.e., the degree of "certainty" with which the 
reduction in erratic maneuver rates can be claimed to be 
related to the remedial treatments and not merely to a 
chance variation in the rates. 

Each treatment system, and how well it succeeded or 
failed in reducing the erratic maneuvers, is described in 
Appendix B. General findings regarding signing and 
delineation are presented here. 

Signing 

1. One deficiency found at two locations was the use of 
inappropriate destinations on sign legends. At both loca-
tions, a township name had been used on the exit direction 
signing. Results from interviews indicated drivers were not 
looking for the township, but rather a specific town or 
street. 

In some cases there was a lack of information in the 
signing for the through route. At a simple interchange such 
signing is not usually necessary. However, at more com-
plex interchanges, such as the directional interchange, it 
becomes more important. At two of the major inter-
changes, the through route signing was completely lacking 
or inadequate, resulting in driver confusion. 

At one location the sign messages were both in-
consistent and misleading. Exiting information for only 
one of the two cardinal directions of a major route was 
provided on the sign sequence. Also, a destination on the 
first advance sign was not carried through in subsequent 
signing, leaving the driver confused as to the proper route. 

Post-mounted EXIT gore signs were found to be effec-
tive at those sites where they were installed. This sign 
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better identifies the location of the gore and emphasizes the 
presence of an exit ramp. Its use is recommended even 
when an overhead exit sign is used. 

5. Yellow EXIT ONLY tabs were used at four lane drop 
locations, but erratic maneuvers were not always reduced. 
At two locations a reduction was noted, at one there was 
no change, and at another there was an increase in erratic 
maneuvers. The locations of the yellow panels with respect 
to the gore were not consistent for the sites. At the site 
where the increase was noted, the EXIT ONLY message was 
placed on an overhead sign located only a short distance 
before the gore. Also, the results of a limited number of 
interviews indicate that motorists may not understand the 
intended meaning of this message. 

Delineation 

At some of the study sites, pavement markings and reflec-
tive delineators were believed to be inadequate, because 
they did not clearly identify the exit area. In addition to 
sign changes at these locations, the pavement markings and 
delineators were upgraded to MUTCD (29) standards, and 
reductions in erratic maneuvers were noted. The treatments 
used for each site are described in Appendix B. 

Two lane drop sites received special pavement marking 
treatments. At Site 4, where the exit lane drop was pre-
ceded by an on-ramp, the auxiliary lane was separated from 
the through lanes by a dashed white line 8 in. wide, with 
a 10-ft mark and a 10-ft gap. This lane line extended 
1,000 ft upstream from the gore point. It is believed that 
the uniqueness of this line further emphasized a changing 
situation (i.e., an exit lane) for through traffic, and also, 
in this instance, encouraged quicker merging by those 
drivers who had just entered the freeway. With this treat-
ment and the use of a yellow EXIT ONLY panel, the EM rate 
was reduced. 

At Site 6, where there was an exit lane drop on the left 
side of the freeway, a solid white 8-in, line was used. Here, 
a solid rather than a skip line was used to emphasize the 
presence of the lane drop. Only modest improvements were 
attained with this treatment and the sign changes. 

A supplemental study (Appendix C) specifically dealing 
with gore delineation was carried out. Its objectives were 
to measure the effects of the presence of gore area de-
lineation on driver exiting performance at night, and to 
determine which, if any, of the various delineation devices 
was most effective in terms of improving traffic operations. 
A more specific goal was to find which gore area delineation 
treatment would contribute the most to better use of the 
deceleration lane. 

Four delineation conditions were implemented and evalu-
ated. The specific treatments were: 

I. Base Condition.—Moderately worn painted diagonal 
gore markings and edge lines existed at the sites, but there 
were no other delineation devices. 

Post Delineators.—Amber post delineators were 
placed along the ramp edge of the gore area; crystal de-
lineators were positioned along the through side. 

Raised Pavement Markers.—Amber RPM's were 
placed on the ramp side of the gore paint markings; 
crystal RPM's were placed on the through side. 

Combinatjon,—The post delineator treatment and the 
RPM treatment were installed simultaneously. 

Two right-hand exits, at which observations indicated 
that motorists had particular difficulty at night, were se-
lected as test sites. Overhead illumination, which may im-
prove traffic operations at exit gore areas but degrades the 
effectiveness of post delineators (they are not as notice-
able), was not present at either site. The point of entry 
into the deceleration lane and the exiting speed at that 
point were the performance characteristics measured. In 
addition, all erratic maneuvers were recorded. The findings 
of the delineation study are as follows: 

All three delineation installations produced earlier 
points of entry into the deceleration lane than under the 
base condition and thus were considered to have improved 
the traffic operations at the exits. 

The raised pavement markers proved to be more ef-
fective than the post delineators. Not only did the RPM's 
produce earlier exiting points, but they also provided more 
readily recognizable and understandable information to the 
motorists. 

When the RPM's and the post delineators were in-
stalled in combination, the greatest improvements (earlier 
exiting points) were experienced. 

Gore area delineation did have an effect on exiting 
speeds. However, interpretation of the changes is highly 
subjective and the subsequent conclusions are too detailed 
for presentation here (see Appendix C). 

The presence of gore area delineation reduced the 
frequency of erratic maneuvers at night at both sites. 

Illumination 

By chance, an evaluation of external illumination of the 
interchange area as a remedial device was possible. Sites 2 
and 3 were located at a recently constructed interchange. 
The luminaires had been installed but the lights were not 
activated during the "before" study; therefore, the night 
data were collected in a "no-illumination" condition. How-
ever, prior to the "after" data collection period, the lights 
were activated. The study results for these two sites indi-
cate that illumination reduces the frequency of erratic 
maneuvers. 
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APPLICATIONS 

This chapter provides recommendations which, if applied, 
will result in improved safety and traffic operations at exit 
gore areas. A number of these recommendations were de-
rived directly from the results of the case studies, and, 
hence, are supported by the statistical evidence in Ap-
pendices B, C, and D. However, because of the size and 
scope of the project, it was not possible to test individual 
treatments across various site configurations, or various 
treatments at a single site. Hence, many of the conclusions 
and recommendations were formulated through a judg-
mental process. Those recommendations represent an ex-
tension of the research findings as a result. of general ob-
servations during the data collection, discussions with other 
researchers and traffic engineers, a synthesis of previous 
reported research results (see Appendix A), and experience 
gained in a related study, NCHRP Report 130 (48). 

Obviously, the "ultimate" solutions to the problems were 
not found in this project, and "perfect" remedial treatments 
cannot be specified—every possible treatment was not tried 
at every possible exit gore configuration. Nevertheless, 
application of the methodologies developed and the recom-
mendations will provide improvements in many existing 
situations and in the design of future facilities, and imple-
mentation is urged on that basis—the costs of doing nothing 
while awaiting more comprehensive studies will be high. 

GENERAL RECOMMENDATIONS 

The state-of-the-art summary (Appendix A) is structured 
so that the practicing design or traffic engineer can easily 
review the lessons learned concerning traffic operations and 
safety at exit gore areas. There are sections on geometric 
design, signing, and delineation from which he can deter-
mine how and where he can apply the findings from 
previous research. 

Traffic engineers should survey exit gore areas under 
their jurisdiction for indications of problem sites. Sites with 
high accident rates are inherently problem sites, and pe-
riodic reviews of exit area accident data should be made to 

locate these. 
Also, preliminary erratic maneuver surveys, of about 

1-hr duration, should be made at sites where it is believed 
a problem may exist. A high EM rate (in excess of about 
0.2 percent of the total approach traffic volume) is an 
indicator of a hazardous location and one where driver 
confusion is prevalent. Results of this study show that the 
higher rates occur more frequently at major interchanges 
than at local exits. Once a site has been identified as a 
problem exit facility, a detailed evaluation is necessary to 
determine which factors are causing the erratic maneuvers. 
The method followed in this project (i.e., extended erratic 
maneuver observations and driver interviews) is recom-
mended for problem analyses. 

GEOMETRIC DESIGN CRITERIA 

As a result of the state-of-the-art summary and observa-
tions at the study sites, the following are recommended as 
design criteria which, when applied to interchange design, 
should reduce the number of erratic maneuvers. Design 
engineers should also review the geometric design section 
of the state-of-the-art summary for additional recom-
mendations. 

Sight distances to the gore of exit ramps should be 
greater than 1,000 ft, and up to 2,000 ft at more complex 
interchanges, such as directional interchanges with multiple 
exits. Sight distance is one of the most critical design 
parameters at freeway exits. Adequate views of the de-
celeration, gore, and ramp area geometry are necessary if 
the motorist is to safely negotiate this transitional area. 
Because the driver must attend to his direction finding and 
continually scan the highway signs, he should not be forced 
at the same time to search unnecessarily for the location of 
the ramp area. 

Where sight distance is restricted, by necessity, such 
as at a ramp located just beyond a vertical crest, an extra-
long taper or a full-width deceleration lane should be pro-
vided. Exiting drivers may prefer to use the S-shaped exit-
ing path in this case to clear the through lane as early as 
possible because their slower-moving vehicles will not be 
visible to following through traffic. 

Exit lane drops should be avoided whenever possible. 
Their presence induces erratic maneuvers despite remedial 
treatments of signing and delineation. The lane drop, if 
required, should occur beyond the exit ramp. Of course, 
this "solution" may merely shift the problem to another 
location. NCHRP Project 3-16 is concerned with the lane 
drop problem, and the findings of both that study and this 
should be evaluated by the design engineer to optimize the 
solution for a particular situation. 

At cloverleaf interchanges, the on-ramp precedes the 
exit ramp, creating a weaving area. Where this auxiliary 
lane length is too short, erratic maneuvers occur when 
vehicles entering the freeway do not have an opportunity 
to merge into the mainline before encroachments on the 
downstream exit gore. Therefore, where an on-ramp pre-
cedes an off-ramp, the distance between the two gores 
should be such that it is out of the realm of weaving, as 
specified by the "Highway Capacity Manual" (21). 

A similar weaving problem, resulting in erratic ma-
neuvers, occurs where an on-ramp enters the freeway on 
one side and the next exit departs from the opposite side 
of the freeway. When the distance between the two ramps 
is short, erratic maneuvers frequently occur for vehicles 
entering the freeway and then leaving at the next exit. In 
addition to the standard weaving analysis described in the 
"Highway Capacity Manual," it is recommended (though 
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not substantiated by observational data in this limited 
study) that the distance between the two ramps be a 
minimum of 3,000 ft, and preferably 6,000 ft, to reduce 
weaving problems. 

The results of the driver interviews indicate that the 
mere presence of a left-hand exit can induce erratic ma-
neuvers that might not otherwise occur. Therefore, left 
exits should be avoided if possible. However, carefully 
designed left exits can operate safely, provided they in-
corporate Iongsight distances to the gore areas, and extra 
signing and delineation. It is even more critical that a left 
exit (as contrasted with a right exit) should not depart 
tangentially or as an exit lane drop. 

Tangential exit ramps (i.e., ramps departing from the 
mainline on a tangent while the through lanes curve to the 
left) should be avoided. This type of design causes false 
exiting and erratic maneuvers. 

Gore areas should be level and free from obstacles, 
including luminaire and sign supports. Exit signs located 
in the gore should be placed on breakaway posts. Impact 
attenuation devices should be installed at gores which, by 
necessity, have fixed obstacles (bridge columns, bridge 
railings, retaining walls, etc.). 

TRAFFIC CONTROL DEVICES 

Recommendations concerning traffic control devices and 
their application to freeway exits were derived from the 
findings of this study, supplemented by the researchers' 
judgment. 

Signing 

The most important principle regarding signing is that it 
should be an integral part of freeway interchange design. 
If the exit cannot be adequately signed, a new design should 
be considered. Good signing cannot totally compensate for 
the operational and safety problems created by poor design. 
It is recommended that: 

I. The engineer responsible for the signing design should 
be guided by the six general principles (interpretation, 
continuity, advanced notice, relatability, prominence, and 
unusual maneuvers) set forth by other researchers (see 
Appendix A), as well as by those more specific principles 
given in the Manual on Uniform Traffic Control Devices 
(29). Because each exit is unique with regard to sign 
legend, no definitive rules can be made concerning the 
message on the sign. 

2. Choice of the destination name is critical for freeway 
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Figure I. Recommended use—exit directional signs at exit lane 
drops. 

signing. Although it is not possible to employ destinations 
that are relevant to all motorists, the name used should be 
logical and unambiguous, and should meet the needs of 
long-distance as well as local drivers. 

Major route information, as well as destinations, 
should be included on the exit sign. Many motorists 
traveling long distances navigate primarily by route num-
bers rather than by destinations. Where an exit leads to 
a route that has two number designations, both routes 
should be on the exit sign. 

Freeway exits should be numbered, and the "exit 
numbers shall be displayed with each advance guide sign, 
the exit direction sign, and the gore sign" (29). 

Where an exit lane drop exists, black on yellow THIS 
LANE MUST EXIT (MUST EXIT, if insufficient room for full 
message), or EXIT ONLY tabs should be placed on overhead 
exit direction signs (see Fig. 1). These signs should be 
located both ½ and ¼ mile from the gore to emphasize 
the presence of the lane drop. [The wording in the upper 
sign is not included in the MUTCD (29), and was not 
field-tested in this study. It may help to overcome an 
interpretation problem mentioned by some of the drivers 
interviewed—they interpreted the standard EXIT ONLY sign 
to mean "exit possible only from this lane," not "exit 
mandatory from this lane." Signs with similar messages 
have been substituted for the EXIT ONLY tabs in Houston, 
Texas, and it is reported that operations have improved.] 

A ground-mounted (on breakaway posts) gore sign 
should be located in the area between the main roadway 
and the ramp at all exits, even where overhead exit signs 
are used. This sign helps to identify the location of the 
gore and exit ramp. The sign should include the message 
EXIT, with a number, and a slanting arrow. 

Overhead signing should be illuminated to ensure 
visibility and recognition of the sign message. 

Delineation 

Delineation, which includes pavement markings, post de-
lineators, and raised pavement markers, assists the driver 
in distinguishing the deceleration lane and exit ramp from 
the mainline. Exit areas are especially suited for the ap-
plication of delineation systems and coding. Recommenda-
tions concerning their use at freeway exit areas are as 
follows (several are shown in Fig. 2): 

Pavement Marking: 

White lines, 8 to 12 in. wide, should be used to out-
line the exit gore. Where additional emphasis is necessary, 
diagonal or chevron markings are recommended. See the 
MUTCD (29, p. 195). 

An additional marking should be used as an extension 
of the mainline right edge line (or median edge line for 
left exits) and should be carried across the exit ramp to the 
gore markings. An 8-in, line (5-ft mark, 15-ft gap) is 
recommended for this treatment. This line should replace 
the lane line for at least 1,000 ft upstream from the gore 
nose at an exit lane drop. This line, especially if it is 
adopted throughout the U.S., will help to distinguish the 
location of the exit ramp and deceleration lane. Also, it 
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will provide a guide for motorists continuing on the main-
line. Thermoplastic marking material is suggested because 
the line will receive heavy wear. [This is a "stronger" mark-
ing pattern than suggested in the MUTCD (29). Although 
the case studies at Sites 4 and 6 tend to support the stronger 
line system, statistical proof of the effectiveness is not 
available from this study because a number of other 
treatments were also applied to these sites.] 

Post Delineators: 

Post delineators should be placed in the gore area to 
enhance nighttime visibility. Crystal delineators are recom-
mended for the through roadway side; amber delineators 
should be used on the exit side. A spacing of 10 to 20 ft 
(depending on ramp divergence angle) is recommended. 

Amber delineators should be placed along the right 
edge of the deceleration lane at a spacing of 100 ft. Be-
yond the beginning of the gore the spacing is dependent 
on the degree of curvature, as recommended in the 
MUTCD (29). 

Crystal delineators should be placed on the inside 
shoulder of the through roadway, at a spacing of 100 ft,  

to help strengthen the through-way delineation in the exit 
area. (This also is a stronger treatment than that suggested 
in the MUTCD. However, it was noted that in some situa-
tions ramp delineation was so strong, compared to the 
through roadway delineation, that the through path could 
be discerned only with considerable difficulty—especially 
if the through roadway curved to the left or right beyond 
the exit gore.) 

Raised Pavement Markers: 

Raised pavement, markers are recommended (where 
climatic conditions permit) as a supplement to standard 
gore paint markings and should be placed inside the "V" 
formed by the paint lines. On the post delineators, crystal 
reflective studs should be located on the through roadway 
side and amber on the exit side. The color differentiation 
serves as an additional cue of an exit ramp situation. Al-
though the type of marker used will dictate the spacing, the 
appearance of a solid line should be attained. 

Raised pavement markers should be supplemented 
with post delineators where view of the roadway is limited, 
such as at vertical crest sections. 
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CHAPTER FOUR 

CONCLUSIONS AND SUGGESTED RESEARCH 

CONCLUSIONS 

The frequency with which unusual or erratic maneuvers 
occur at some freeway exits is alarming. In this study, a 
rate of 10 percent of the exiting volume was found at one 
interchange, and a total EM rate (combining exiting and 
through volumes) greater than 1 percent was not un-
common. These erratic maneuvers are extremely hazard-
ous, often terminating in single- and multiple-car accidents. 
It appears from this study (and this finding is supported 
by other research) that a total rate of 0.20 percent or 
higher is an indication that corrective treatments should 
be considered. 

There does not appear to be any one type of interchange 
or exit design that is immune to high EM rates. High EM 
rates are present at right-hand exits on high-design-type 
roadways as well as at complex directional interchanges 
with multiple left and right exits. However, it appears that 
erratic maneuvers occur somewhat more frequently at 
major interchanges, especially where the motorist must 
"exit" to continue on the same route. 

The factors that cause erratic maneuvers are human, 
informational, and geometric in nature. Although they can 
act separately, they frequently act in combination at any 
one site. Some motorists make erratic maneuvers simply 
because of a mistake on their part, and not because of 
misleading signing or geometry. These drivers are the ones 
who, for example, decide at the last minute to take a differ-
ent route borne; did not plan their trip using a map and, 
therefore, are not really certain of their routing; and are 
inattentive to their driving task or are distracted during 
critical periods of information display. The remedy here 
does not lie with traditional traffic engineering measures. 
However, the problem can be partially alleviated if motor-
ists are encouraged to make better use of road maps in 
planning their trips. 

There are several factors that relate to information de-
ficiencies, resulting in driver indecision and confusion. The 
most prevalent of these involves the sign legends. The 
driver often has difficulty in relating his destination to 
the destinations on the exit signing. If they do not match, 
the motorist becomes confused and is more apt to commit 
an erratic maneuver. Sometimes, necessary directional in-
formation is misleading or totally lacking. Other factors, 
such as deficiencies in advance information, visibility of 
signs, and roadway markings, also contribute to erratic ma-
neuvers. Information deficiencies can and should be cor-
rected by better application of traffic control devices. In 
many cases, all that is required is a reordering or destina-
tion change in the sign legend. Although each site is 
unique with regard to signing, the traffic engineer should 
make use of already established signing principles, as well 
as those presented in this report. 

Erratic maneuvers also can be a result of inadequate and 
misleading geometric design. The driving public is ac-
customed to an interchange design that provides for a 
deceleration lane and exit ramp on the right side of the 
freeway. Any variation from this design creates an ele-
ment of surprise and confusion for the motorist. A critical 
design parameter is visibility of the exit gore geometry. 
When good sight distance is provided, the motorist can 
relate the view of the geometry to the directional signing 
and make the appropriate maneuvers smoothly and safely. 
Conversely, where sight distance is inadequate, erratic 
maneuvers are more frequent. Designs that take into con-
sideration the driving task and information needs should 
result in EM rates that are well below the hazardous level. 

Just as no one factor causes erratic maneuvers, there is 
no single solution for all sites. If the main source of driver 
confusion is the sign legend, then a more appropriate 
message is necessary. In another case, the drivers may not 
have been given enough advance information to prepare 
themselves for the exit—the remedy then is supplemental 
advance signing. The traffic engineer must determine, 
through erratic maneuver analyses and supplemental driver 
interviews (where feasible), what the problem is and how 
it can be corrected. 

Delineation of the deceleration lane and the gore area 
can improve traffic operations and safety at freeway exits 
during periods of darkness. Gore delineation, incorporat-
ing post delineators and/or raised pavement markers in 
addition to the standard paint markings, can result in fuller 
use of the deceleration lane and can assist the through 
motorist in identifying the mainline. Consistent applica-
tions of the recommendations of this study should result 
in safer freeway operation. 

Most of the driver confusion can be eliminated and er-
ratic maneuvers can be minimized through the combined 
application of good design practices and proper traffic 
control devices. Certain design practices induce erratic 
maneuvers and should be avoided. Signing should become 
an integral part of design, and signing principles should be 
consistently applied. 

In conducting this study, it was not difficult to locate test 
sites with high numbers of erratic maneuvers. This leads 
to the conclusion that many other locations on U.S. free-
way systems display high rates and require corrective mea-
sures. Traffic engineers should identify and apply remedial 
measures to these locations. The method followed in this 
study is effective in determining the causes of the problems 
and the remedial treatments that should be applied. 

SUGGESTED RESEARCH 

The large amount of driver confusion that occurs at free-
way exits is evidence that there is a deficiency in corn- 



21 

munication from the highway environment to the driver. 
In this study, only erratic maneuvers, which result from 
driver confusion, were examined. There is good reason to 
believe that some motorists are confused and take the 
wrong route, but do so without making an erratic ma-
neuver. Therefore, continued research is suggested in the 
area of determining driver information needs for exiting, 
and how they can best be satisfied. Specific suggestions for 
research regarding information sources are as follows: 

1. Further research concerning driver interpretation of 
sign messages is warranted. Some motorists do not fully 
understand the significance of directional messages such as 

EXIT ONLY and downward lane assignment arrows. Ques-
tions that should be answered include: 

Can more use be made of diagrammatic signs, sym-
bols, and abbreviations, or does their use cause confusion? 

How much message can a driver be expected to read  

and comprehend on any one sign or adjacent sign panels? 
Previous studies have shown (and this study supports 

the claim) that the location at which the message is dis-
played is important for preparing the driver for the exit. 
Research is needed to establish the correlations between the 
types of messages and the optimum sign locations. 

Previous research has indicated that audible messages 
would be effective for exiting directions. Continued re-
search is suggested in this area to determine the practical 
applications of audible information, either as a supplement 
to or as a replacement for fixed highway signing. 

The use of erratic maneuvers appears to be a promis-
ing tool for evaluating problem exit gore areas. Therefore, 
it would be worthwhile to determine if there is a quanti-
fiable relationship between frequency of accidents and EM 
rates at exit gores. If a definitive relationship exists, bene-
fits in the form of reduced accidents could be estimated 
from the erratic maneuver data. 

APPENDIX A 

STATE-OF-THE-ART SUMMARY * 

This appendix contains the state-of-the-art summary of 
research related to the exit gore area. The state-of-the-art 
generally is presented here as a series of "lessons learned" 
from previous research and state practices, followed by a 
discussion of the lesson. The summary is divided into six 
sections. 

GEOMETRIC DESIGN 

The lessons learned regarding geometric design fall into two 
categories: (1) macrodesign elements, which involve the 
location of the exit terminal with respect to the entire 
roadway; and (2) microdesign elements, which relate to 
the physical design of the exit. 

Macrodesign Elements 

Because of the variation and complexity of the many situa-
tions that may confront the engineer, the location of ramps 
on the highway system cannot be based on a rigid set of 
rules. The following lessons learned from previous research 
are general, flexible guidelines that should be combined with 
engineering judgment in the selection of the proper exit 
locations. 

1. All exit junctions should be clearly visible to the driver. 
The AASHO "Yellow Book" (44) states that ramps should 
leave the throughway only where visibility is not restricted 
by vertical or horizontal curvature and that all transitions 

* By R. W. Felsburg, J. C. Hayward, and H. W. McGee. 

(lane drops, ramps, etc.) should be located at points with 
maximum sight distance. The conspicuousness of the junc-
tion is considered by Stephens et al. (46) to be a roadway 
characteristic that strongly influences transition maneuvers 
from one roadway to another. The California Division of 
Highways' "Planning Manual of Instructions" specifies a 
minimum stopping sight distance of 1,000 ft to an exit on 
a freeway. This allows adequate visibility of the exit lay-
out, which reduces the element of surprise and gives the 
driver time to prepare for and properly execute the exiting 
maneuver. 

Exits should leave the mainline from a tangent section. 
The "Yellow Book" (44) supports this conclusion. In a 
study of the use of speed change lanes in Indiana (25) it 
was learned that the best operational use of deceleration 
lanes occurs at locations where the through lanes are on a 
tangent. This is probably related to the ease of recognition 
of this type of exit terminal. Early recognition permits the 
driver to enter the deceleration lane near its beginning. 

Use of left-hand exit ramps should be avoided wherever 
possible. 
A study conducted by Northwestern University (32) 
prompted this lesson. The research included the study 
of 34 left-hand ramps (11 exits) and 118 right-hand ramps 
in Illinois. The study showed that left-hand ramps tend to 
be more hazardous—probably due to the confusion that is 
generated by the element of nonuniformity in the system 
design introduced by the left-hand ramp. It was also noted 
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that lane changing occurs more frequently in the vicinity 
of left-hand ramps than near right-hand ramps, and that 
the capacity of left-hand ramps is slightly less than that of 
similar right-hand ramps. Deceleration in the left lane to 
exit may cause a decrease in the over-all operating speeds 
in the left lane, which is usually the high-speed lane. Al-
though in many situations left-hand ramps may be more 
economical with regard to construction costs, the losses 
suffered in terms of operations and safety will often over-
ride this economic advantage. 
4. Successive exits must be adequately spaced to allow for 
signing and vehicle maneuvering. 
According to the "Highway Capacity Manual" (21), 
spacing between ramps will vary with number of freeway 
lanes, number of exiting lanes, through traffic volume, 
exiting volume, etc. However, Webb (56), who studied 
the relationships between geometric design and signing, 
suggests that 1,000 ft be the minimum distance between 
gores on a freeway. This will allow adequate space to 
position signs for the second exit ramp in such a location 
that they will not misguide the driver into the first exit. It 
will also allow an adequate distance for the driver, after 
seeing the sign, to consider the message and execute the 
required maneuvers for the exiting operation. Thus, the 
function of signing is satisfactorily fulfilled. Although the 
"Highway Capacity Manual" specifies a distance less than 
1,000 ft, it does not consider the signing aspects of the 
problem. 

Multiple exits—exits at which the driver is confronted 
by a second gore after leaving the throughway on an exit 
ramp—may also be included in this lesson. Webb specifies 
a minimum distance of 600 ft between the freeway gore 
and the second gore, as do several state design manuals. 
This distance also will allow for perception and reaction, 
but it is less than the minimum spacing between successive 
exits on the freeway because the speeds on the exit ramp 
are slower than the speeds on the freeway. Therefore, less 
distance is traversed during the perception and reaction 
time. 

In either situation, exits too closely spaced will force 
some drivers to hasten the exiting maneuver, thus creating 
hazardous operations at the gore. It is emphasized that 
"minimum distance" is not synonymous with "desirable 
distance" in these situations, and longer distances should 
be used wherever possible. 

Microdesign Elements 

Once the location of the exit ramp has been chosen, the 
engineer must design the physical layout of the exit. Every 
exit has certain elements (such as length and type of de-
celeration lane, angle of divergence, and grade and curva-
ture of the ramp) that must be carefully designed to ensure 
safe and efficient operations. The following lessons learned 
are derived from a review of extensive works in this subject 
area and are more specific than those for the macrodesign 
elements. 

1. The diverge area should be designed to encourage high-
speed exiting and to cause little interference with through 
traffic. 
Fukutome and Moskowitz (19) conducted a study in Cali- 

fornia concerning traffic behavior and off-ramp design in 
which they measured vehicle speeds at various points along 
the exit ramp. They point out that if vehicles do not have 
to slow down before entering the ramp they will cause less 
interference with the through traffic than if they are de-
celerating in a through lane. To provide a high-speed exit 
they propose the use of a length of tangent on the exit ramp 
before entering the ramp curve. This tangent should be of 
sufficient length to allow an exiting vehicle to comfortably 
decelerate to the curve speed without beginning decelera-
tion until it is completely out of the through lane. The 
required length of this tangent would depend on the 
required change in speeds—the greater the change, the 
longer the tangent section. 

The geometric design should not cause interference by 
enticing the through vehicles into the ramp. Stark (45) 
suggests that a clear cue to a point of departure can best be 
provided by a definite change, such as a distinct angular 
departure. Specific degrees of departure are discussed later 
in terms of operations, but the role of angular departure is 
important for providing exit identification. 

2. The direct taper deceleration lane is operationally su-
perior to the parallel lane type. 

A study of operating characteristics at parallel lane and 
direct taper types of off-ramps was conducted by Conklin 
(11) in Oregon. The study indicated that vehicles using the 
direct taper type consistently left the freeway at nearly the 
same location. On the other hand, use of the parallel lane 
varied from full use of the deceleration lane to practically 
no use at all. On the direct taper type of ramp, vehicles 
exited at relatively high speeds, and little deceleration oc-
curred until the vehicle was past the gore point. However, 
on the parallel lane type of ramp, the majority of vehicles 
decelerated to some extent while still partially or totally in 
the through lane. Because of the variation in the exiting 
placement and the deceleration in the through lane, traffic 
on the parallel lane type of ramp interfered much more 
with the through traffic than did the traffic on a direct taper 
type. 

The more uniform operation on the direct taper type of 
ramp is probably due to its design. Jouzy and Michael (25), 
in Indiana, used movies to analyze speeds and points of 
entry into the deceleration lane. The study indicated that 
most drivers prefer to exit in a natural straight path with 
a minimum of required maneuvering. The long direct taper 
type of deceleration lane is designed to provide this straight 
path; therefore, operations at the taper type tend to ap-
proach the optimum conditions. 

3. The deceleration lane should be of sufficient length to 
allow comfortable, uniform deceleration. 

Table A-i shows that the recommended design lengths are 
based on the design speed of the highway and the design 
speed of the ramp curve. 

Several sources have suggested lengths based on the re-
suits of operational studies. Lundy (27) studied the effect 
of ramp types on accidents in California. He concluded 
that accident rates are lower on ramps with long decelera-
tion lanes (900 ft or longer) than on those with short de-
celeration lanes. Note that Lundy measured the length of 
the deceleration lane as that distance from the point where 
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TABLE A-I 

DESIGN LENGTHS OF SPEED-CHANGE LANES, ALL MAIN HIGHWAYS 
(FLAT GRADES-2 PERCENT OR LESS) 

DESIGN SPEED OF 

TURNING ROADWAY 

CURVE (MPH) 	 STOP 

CON- 

MINIMUM CURVE 	DITION 

RADIUS (FT) 

15 	20 	25 	30 	35 	40 	45 	50 

50 	90 	150 	230 	310 	430 	550 	690 

DESIGN LENGTH 

SPEED OF OF 
TOTAL LENGTH OF DECELERATION LANE, INCLUDING TAPER (FT) 

HIGHWAY TAPER 

(MPH) (FT) 

40 190 325 300 275 250 200 - - - - 
50 230 425 400 375 350 325 275 - - - 
60 270 500 500 475 450 425 400 325 300 - 
65 290 550 550 525 500 475 450 375 325 - 
70 300 600 575 550 550 525 500 425 400 350 
75 315 650 625 600 600 575 525 475 450 400 
80 330 700 675 650 650 600 575 525 475 450 

Source: AASHO (37, p. 351). 

it first becomes 12 ft wide to the beginning of the ramp 
curve. Thus, he did not include the taper length, as does 
the "Blue Book" (37). 

In New Jersey, Fisher (17) made a study of accidents 
and operations at interchanges. This study indicated that 
nearly all drivers will use a parallel lane type of decelera-
tion lane if it is 1,200 ft long. Rowever, if it is shortened, 
some drivers will not use the lane, thus causing additional 
conflicts and an increase in the accident rate. 

Therefore, the design lengths recommended by AASHO 
should be used as minimum lengths. The lengths are ade-
quate to allow for the physical requirements of decelera-
tion, but they do not consider the human aspect. Lundy 
and Fisher showed that longer deceleration lanes should 
be recommended for efficient traffic operations. 

Full-width shoulders should be provided on the de-
celeration lane. 
Full-width shoulders (10 ft) are recommended by both 
Fisher (17) and Berry et al. in the Northwestern Univer-
sity report (32). Fisher observed that if shoulders are not 
provided, many drivers will not use the deceleration lane 
properly. Berry recommends that the full-width shoulder 
be maintained in the vicinity of a left-hand exit as a de-
lineation aid, for it will help to set off the exit. 

The exit nose should be substantially offset from the 
edge of the through lanes. 
Offsetting the exit nose makes it less vulnerable to being hit 
by approaching vehicles and allows a through vehicle that 
has inadvertently left the through lanes to return to its 
intended path of travel. A length of taper should be pro-
vided beyond the nose to allow errant vehicles to return to 
the through lanes without making any drastic changes in 
their motion and without disrupting the through traffic. 

Stark (45) recommends an offset of 10 to 12 ft from the 
through lanes. The "Blue Book" (37) suggests that the 
offset depends on the length and shape of the deceleration  

lane. The direct taper deceleration lane should be designed 
with an offset of 4 to 12 ft; 10 to 12 ft is the design offset 
for the parallel lane type. 

The length of the recovery taper depends on the speed 
of the approaching vehicles. Table A-2 indicates the de-
pendence of the length on the speeds. 

The gore area should be as level with the roadway as 
practicable. 
AASHO (44) recommends that as a safety precaution the 
gore area be clear and level. Out-of-control vehicles that 
run into the area will not be upset or abruptly stopped by 
steel slopes if the gore is properly graded. Also, a clear and 
level gore will provide a good recovery area for errant 
vehicles. 

An angle of divergence of 3° to 5° should be used for 
high-speed exits. 
The angle of divergence must be sharp enough to provide 
a clear cue to the driver, but not so sharp that it causes 
operational problems. The "Blue Book" recommends an 
angle of 4° or 5°  for direct taper deceleration lanes. How- 

TABLE A-2 

MINIMUM LENGTH OF TAPER BEYOND AN 
OFFSET NOSE, THROUGH TRAFFIC LANE SIDE 

DESIGN SPEED OF 	 LENGTH OF NOSE 

APPROACH HIGHWAY 	 TAPER PER FOOT OF 

(MPH) 	 NOSE OFFSET (FT) 

30 7 
40 9 
50 11 
60 13 
70 15 
80 16 

Source: AASHO (37). 
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ever, for the parallel-lane iype a flatter angle may be 
desirable. 

According to Berry et al. (32), angles of divergence 
larger than 4° or 5° cause exiting speeds slower than the 
through traffic speeds. Experience also shows that vehicles 
often unintentionally enter exit ramps that have angles of 
divergence of less than 2°. Therefore, they recommend an 
angle of divergence of 3° for a high-speed exit. 

Exit ramps should have only a single lane at the gore. 
AASHO (44) suggests that the ramp should be only one 
lane, but that it may be widened beyond the gore to achieve 
increased capacity and storage. Berry et al. (32) observed 
that exit ramp widths greater than 16 ft seemed to en-
courage multiple exits, whereas efficient diverging was ob-
served at exits where the ramp width ranged up to 14 to 
16 ft. A two-lane exit ramp would be acceptable only at 
a lane drop situation. 

09-ramps should be designed to include upgrades if 
possible. 
A study by Lundy (27) revealed that uphill off-ramps have 
lower accident rates than do downhill off-ramps. The dif-
ference in accident rates may be due primarily to the aid 
of gravity in deceleration on uphill off-ramps. On the other 
hand, gravity will hinder deceleration on a downhill exit. 
Therefore, if a driver misjudges the design exiting speed 
and enters the ramp at an excessive speed, an upgrade ramp 
will help him to adjust his speed, whereas a downgrade 
ramp will reduce the effect of his adjustment action. Any 
effect on speeds would probably indicate the same effect on 
accidents, particularly the single-vehicle run-off-the-road 
type. Because most ramp accidents are of this type, the 
design of uphill off-ramps should be encouraged. 

TRAFFIC CHARACTERISTICS 

The way in which drivers use the exit area for either exiting 
or traveling straight through comprises the traffic charac-
teristics of the area. Specifically, these are speeds, place-
ments, and weaving maneuvers that are exhibited by exiting 
and through vehicels at both left- and right-hand ramps. 
This section presents current knowledge of these factors. 

Speeds in the Deceleration Lane 

The vehicle should enter the deceleration lane at a speed 
comparable to the through flow speed and decelerate in the 
deceleration area to the velocity required to negotiate the 
exit ramp properly. 

Jouzy and Michael (25) specifically state this underlying 
concern of designers, whereas most other researchers allude 
to this concept. The entire exit facility should be designed 
to minimize speed interference on the through road and still 
provide exiting drivers with enough information and space 
to prepare for hazards on the exit ramp. This means that 
high-speed exits should be encouraged at the deceleration 
lane-mainline interface, but the driver should not be en-
ticed into taking a ramp curve at an unsafe high speed. 

The speed profile in the deceleration lane is a function 
of the speed of the through traffic, the length of tangent 
provided for deceleration purposes, and the ramp curve or 
terminal at the end of the exit. 

The exact effect of these three factors on the exiting speeds 
are not specifically worked into a mathematical equation by 
Fukutome and Moskowitz (19), but the general relation-
ship of these effects with exit speeds is logical. High-speed 
through traffic should discourage slowing to exit while the 
driver is still on the main road. An increase in through-
traffic speed acts to increase the entry speed of the exiting 
vehicles. The length of time and space provided for slow-
ing plays an important role in the speed profile through the 
deceleration lane. Short distances may cause exiting ve-
hicles to slow on the mainline. On the other hand, ex-
cessively long distances merely delay deceleration and do 
not reduce the rate. The exiting speed profile will be 
affected by the design speed of the ramp curve or the 
presence of a stop control device. 

Unfortunately, most exiting drivers decelerate on the 
through road before reaching the deceleration lane. 
This distressing lesson, discussed by Jouzy and Michael 
(25), is based on research done on a fairly wide range of 
deceleration lane lengths. Figure A-i shows speeds of 
vehicles as a function of distance upstream from the be-
ginning of the deceleration lane. This figure shows that 
exiting vehicles slow down prior to entering the lane pro-
vided for them. Similar curves were derived for all but one 
of the 13 exits studied. 

Given very long deceleration distances, drivers choose 
to postpone final deceleration rather than decrease their 
deceleration rate over the total usable distance. 
Fukutome and Moskowitz (19) report that the driver pre-
fers some moderate deceleration rate, as opposed to an 
extremely low one afforded him by a lengthy distance in 
which to accomplish the speed change. This means that the 
driver assumes a constant speed through a portion of the 
deceleration distance before making his final speed change 
to the level required by the ramp design. 

Drivers don't obey regulatory speed signs placed at the 
beginning of the deceleration lane. 

After measuring the speeds of vehicles leaving the through-
way via an exit with a posted sign reading EXIT SPEED 40, 
Jouzy and Michael (25) concluded that most drivers paid 
no attention to the sign. They recommended that an ad-
visory ramp speed sign replace this regulatory one to warn 
the motorist of the safe ramp speed ahead. 

Speeds on the Through Road 

1. Although speeds of mainline vehicles are not greatly 
affected by the presence of an exit, they are affected by the 
presence of exiting vehicles. 
In a study of 13 exits of varying design, Jouzy and Michael 
(25) measured 85th percentile speeds within the decelera-
tion lane conflict area and beyond it. At only four sites 
were the speeds significantly different (no level of signifi-
cance was reported). The trend at all sites indicated that 
through traffic slowed at the exit, but the maximum speed 
difference was only 6 mph. The mean decrease over all 
sites was 2.0 mph, with no site exhibiting lower speeds 
beyond the exit than through the conflict area. 

Tipton, Pinnell, and Carvell (51) measured three types 
of speed at three exit locations: speeds of ( 1 ) exiting ve-
hicles, (2) vehicles that were affected by exiting vehicles, 



and (3) vehicles that were not affected by exiting vehicles. 
The classification of affected or unaffected was not based 
on speeds but on whether a through vehicle was present at 
approximately the same time that another car was exiting. 
Results of the project indicated that speeds of affected 
vehicles were significantly lower than those of the non-
affected vehicles. Good design of exits reduces this dif-
ference, however. 

Speeds of exiting vehicles and nonaffected through ve-
hicles were compared to determine if vehicles exited at the 
same speeds at which they would have used the through 
road. Inadequately designed ramps showed slower speeds 
(not significant at 95 percent level of confidence) for exit- 

ing vehicles in 85 percent of the sample. Good design re-
sulted in only 42 percent of the exit speed sample being 
statistically insignificantly lower than the through traffic. 

Speeds of exiting vehicles and affected through vehicles 
were compared to determine whether exiting speeds were 
directly influencing affected through speeds. Inadequately 
designed off-ramps exhibited significantly different speeds 
between the two in only 36 percent of the periods. How- 
ever, with good design, only 5 percent of the sample showed 
a significant difference. The conclusion drawn is that af-
fected vehicle speeds are approximately equal to the exiting 
vehicle speeds. 
2. Speeds of through vehicles passing exit ramps are least 
affected in the lanes most removed from the gore area. 

Tipton et al. (51) compared, by lane, speeds of through 
vehicles not affected by exiting traffic to speeds of vehicles 
that were affected. Of the time period tested, 21 percent 
showed significant differences between exit and through 
speeds in the lane immediately adjacent to the deceleration 
lane. However, the median lane of the two-lane freeway 
experienced only 10 percent of the periods in which speeds 
of affected vehicle speeds were lower than those of 
unaffected vehicles. 

Point of Entry into Deceleration Lane 

Proper design of exit areas will encourage the driver to 
enter the deceleration lane immediately after it begins. 

The subject of the "ideal exiting path" appears in many 
studies, from which this lesson is drawn. Mace et al. (28) 

state this hypothesis as part of their hypothesized ideal exit 
maneuver. However, this path is a theory and, although 
widely discussed and accepted, it is not based on experi-
mental results. 

Drivers performing the exit maneuver prefer to do so 
using a straight-line path requiring a minimum of maneu-
vering. 

Jouzy and Michael (25) concluded from their study of exit 
ramps that the driver avoids making sharp maneuvers that 
subsequently require corrective action. Conklin (11) sup-
ports these findings by concluding that direct taper exits 
most closely represent the desired driver path. The driver, 
for example, would choose not to turn sharply into a paral-
lel lane type of deceleratiOn lane and then straighten his 
vehicle again to continue down the lane. He would prefer 
instead to follow a straight path requiring only a minor 
heading change. This phenomenon negates the principle 
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Figure A-i. Determination of point where deceleration lane 
traffic begins to decelerate on through lane. After Jouzy and 
Michael (25). 

behind the parallel lane type of deceleration lane, because 
drivers do not use the additional pavement that this type of 
deceleration lane provides. 

Effects of Left-Hand Ramps 

An exit ramp usually is located on the right side of the 
freeway; however, conditions may force the designer to 
recommend a left-hand exit. The effects that these unusual 
exits have on traffic characteristics are important enough to 
consider separately here. All findings reported here were 
taken from a comprehensive study of the problem by Berry 

et al. (3). 

Level freeways incorporating left-hand exit ramps can 
carry high volumes of traffic. 
The distributions of traffic volumes for each lane were 
taken at positions upstream of the deceleration lanes for 
right- and left-hand ramps. Comparisons of right exit, left 
exit, and normal freeway sections showed that at high vol-
umes the distributions were similar. Berry et al. (3) be-

lieve that volumes approaching 6,000 vph could be accom-
modated on a three-lane section of highway adjacent to a 
left-hand exit if the exiting can be accomplished at high 
speeds. 

Left-hand exit ramps do not adversely affect speeds of 
vehicles through the exit area. 
It was hypothesized that a left-hand exit ramp would cause 
certain undesirable speed changes in the traffic flowing past 
the exit area. Speeds might be lowered in the left lane 
(normally the fast lane) by excessive volume due to the 
extra loading of the exiting traffic and by exiting traffic 
slowing in the left lane. Speed studies on three left-side 
exits and one right-hand exit showed these assumptions to 
be false. Average speeds over three lanes and during three 
volume levels produced similar bar chart distributions for 
left and right exits. Speeds of exiting vehicles were lower 
than those of through vehicles during low volumes, but as 
volume increased the discrepancy between through and exit 
speeds was reduced. 
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Density of traffic upstream from left-hand exit ramps 
was not excessive or abnormal. 

It follows from traffic flow theory that if the speeds of 
vehicles and volumes are not adversely affected by left-hand 
exits, the density must not increase either. Berry et al. 
verified this presumption by measuring density photo-
graphically at left and right exits. They found that the left-
hand exit approaches carried higher volumes at higher 
speeds than did corresponding points on the right-hand 
approach. 

Exiting truck traffic does not degrade the quality of flow 
on left-hand exits (provided they are level, and the trucks 
are not required to keep right.) 

Slow-moving traffic using the left lane would seem to gen-
erate the most traffic friction; therefore, Berry et al. under-
took a special study to evaluate trucks. Truck speeds were 
fo"nd to be aoproximately the same as speeds of passenger 
traffic; therefore, they created no special problems. In 
addition, the trucks appeared to move into the left lane well 
in advance to the exit, indicating their familiarity with the 
exit locations. 

Two factors suggest that further research is needed in this 
area: (1) all exits were on level sections of roadways; 
the-efore excessive slowing of trucks on an upgrade was 
not considered; (2) it was observed that trucks are not 
instructed to stay in the right lane as they are on many 
freeways. 

Vehicles enter left-side-exit deceleration lanes very,  near 
the beginning of the lanes. 

Point of entry into the deceleration lane was measured as 
the point where one wheel was completely in the lane. More 
than 90 percent of the traffic exited in the first 100 ft of the 
deceleration lane, indicating good ramp operation. 

Weaving 

1. Exit ramps do not create excessive mainline weaving 
problems. 

As exit and entry points are spaced along a freeway at 
closer and closer intervals, the problem of freeway weaving 
might become severe. Tipton, Carvell, and Pinnell (51) 
learned from a study in Texas that this is not the case. 
Vehicles entering a freeway from the right for a short 
(1 to 2 miles) trip generally stay in the right lane until 
they exit. Longer tripmakers change lanes to the appro-
priate side well in advance of their exit point. 

To build a right-hand entrance immediately upstream 
from a left-hand exit, or vice versa, would result in many 
weaving problems if a large number of persons desired to 
use both ramps. This situation should be avoided if at all 
possible. 

Placement 

1. Gore markings tend to move vehicle placement toward 
the edge of the deceleration lane pavement. 

Fukutome and Moskowitz (19) report this result in their 
study of exit ramps. Placement of exiting vehicles was 
taken at the midpoint of the deceleration lane, and a dif-
ference was noted between the condition with painted 

striping and the one without striping. This finding implies 
that gore paint also encouraged decelerating vehicles to 
make full use of the deceleration lane. 

ACCIDENTS 

A great deal of literature pertains to the study of ramp and 
gore area accidents, particularly those that involve single 
vehicles in "run-off-the-roadway" or "striking-a-fixed-
object-along-the-roadway" accidents. The studies com-
monly are directed toward defining the relationships be-
tween accidents and the geometric design of the roadway, 
the delineation of the roadway, or the human characteristics 
of the driver population. The lessons learned reported here 
pertain primarily to exit gore area accidents. 

Accident Experience Related to Geometric Design 

The accident rate at off-ramps is reduced as the length 
of the deceleration lane is increased. 
Mullins and Keese (31), in a study in Texas, found that 
off-ramps with a deceleration lane displayed much lower 
accident rates than did ramps without a speed-change lane 
—i.e., the extreme case. The reason for this difference 
should be clear. The addition of a deceleration lane per-
mits the exiting vehicle to leave the main stream of traffic 
before completing deceleration to negotiate the exit. It re-
lieves what many authors call "friction"—the unsafe flow 
condition of vehicles slowing on the freeway mainline to 
exit and being passed by through traffic that is traveling at 
much higher speeds. In addition to helping to alleviate the 
friction problem, a deceleration lane, when properly used, 
gives the driver a safe maneuvering area to prepare for the 
actual turning maneuver. 

According to several studies, the length of the decelera-
tion lane has an effect on the accident rate at the exit area. 
Fisher (17) made field observations at numerous New 
Jersey interchanges and noted that at locations with de-
celeration lanes less than 800 ft long drivers sometimes 
elect not to use the lane, thus increasing friction and the 
likelihood of an accident. He also observed that nearly all 
drivers will use a deceleration lane if it is 1,200 ft long. 

Figure A-2, synthesized from data collected by Cirillo 
(7) on accident rates at off-ramps, shows that accident 
rates decrease as the length of the deceleration lane in-
creases. Unfortunately, these data may not be used to sup-
port Fisher's observations because Cirillo groups together 
all ramps with deceleration lanes of more than 700 ft, thus 
preventing a review of accidnt rates of deceleration lanes 
in Fisher's critical range of 800 to 1,200 ft. However, it 
is not likely that the accident rate could decrease in-
definitely as the lane length increases. As Fisher indicates, 
there is probably a maximum deceleration lane length, 
beyond which the percentage of drivers using that lane will 
not increase. Thus, the accident rate would tend to stabilize 
at that maximum length. 

The benefits gained in terms of reduced accident rates 
by additional length of deceleration lanes are related to the 
percentage of diverging traffic. 
Cirillo (7) states that when the diverging traffic is less than 
6 percent of the mainline traffic, the decrease in accident 
rates with increases in the deceleration lane length is rela- 
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lively small. If the percentage of turning vehicles is greater 
than 6 percent, more striking benefits are obtained. Figure 
A-2 indicates the smaller incremental improvements to be 
expected when the percentage of diverging traffic is small. 

Large angles of divergence and poor visibility increase 

accident rates at exit areas. 
The ability of the exiting driver to clearly see where he is 
going is probably a key factor in the accident rate at the 
exit area. Visibility problems are generally compounded at 
locations of high angles of divergence, because the ramp 
tends to disappear from the driver's visual field more 
quickly. Poor visibility may create some insecurity in the 
unfamiliar driver regarding whether the exit is actually the 
one he wants. Insecurity may lead to erratic maneuvering, 
which leads to accidents. This high accident rate at exit 
areas of poor visibility and high angles of divergence was 
documented by Mullins and Keese (31) in a study in which 
they compared geometric design of freeway interchanges to 
accident rates for those designs. 

Accident rates at left-side exits are higher than at similar 
types of exits on the right side. 
Fisher (17) made this conclusion after studying the acci-
dent records of several left- and right-side exits. A more 
extensive study in Illinois by Berry (32) reported, in gen-
eral, that the left-side exit was observed to be more accident-
prone. Berry proposes several sound reasons for this. Left 
exits are much less common on today's system than are 
right exits, and are not expected by the driver. Despite 
good signing and delineation, the exiting driver may find 
himself in the right lane at such a time that it is difficult, 
if not impossible, to safely exit to the left. This movement 
across through lanes causes a great deal of friction and 
makes for unsafe conditions at the exit area. Because of 
the typically higher speeds in the left lane, drivers in the left 
lane who slow before the deceleration lane can be even 
more hazardous than those who slow for a right-side exit. 

Accident rates are lower at straight ofJ -ramps and ramps 
with a short radius and a large central angle. 
In California, Lundy (27) claimed that straight off-ramps 
have a 4 percent lower accident rate than do curved off- 
ramps. This difference may seem insignificant; however, 
Lundy suspects that the difference in rates is actually larger. 
He attributes the decrease in the difference in rates to a 
definitional generalization in his study which classified ramp 
curvature by ramp type. 

Lundy also found that ramps with a short radius and a 
large central angle have lower accident rates than do ramps 
with medium-range radii and central angles. He suggests 
that this is due to the visible cue that a tight ramp provides 
to a driver. This type of ramp appears as a possible hazard; 
therefore, the driver will tend to compensate for the hazard 
by taking the necessary precautions. 

Accident Experience Related to Delineation 

Studies that relate exit delineation directly to accident rates 
tend to prove inconclusive, because the measure of effec-
tiveness—accident rate—is too coarse to detect the fine 
changes in driver behavior that result from different de-
lineation treatments. Delineation changes can be assessed, 
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Figure A-2. Accident rate for deceleration lanes of various 
lengths. 

however, through indirect measures that are indicative of 
accident experience, such as erratic maneuvers or point of 
entry into the deceleration lane. 

1. Substantial increases in ramp accident rates occur at 
night. 
The reason for high accident rates at night is simply that 
visibility afforded to the exiting driver is severely restricted. 
Lundy (27) reports this rate increase and suggests that the 
addition of highway lighting would partially offset this 
effect. 

Accident Experience Related to Driver Population 

"Driver population" refers to those drivers that use a par-
ticular interchange. Substantial differences in driving char-
acteristics are expected and have been noted between driv-
ers in rural environments and drivers in an urban location, 
or those new to an interchange and those familiar with it. 

Interchange accident records indicate a significant split 
in accident trends between rural and urban interchanges. 
Oppenlander and Dawson (33) report that at urban inter-
changes the occurrence of interchange ramp accidents is 
68 percent on entrance ramps and 32 percent on exit 
ramps; for interchanges studied in rural settings these per-
centages are reversed. Mullins and Keese (31) report a 
similar split of 82 percent on entrance ramps and 18 per-
cent on exit ramps at urban locations. These findings sug-
gest that the drivers on urban interchanges use ramps some-
what differently than do those on rural interchanges. Per-
haps drivers in an urban setting are much more competitive, 
taking more chances and relying more on fellow operators 
to react quickly and correctly. Entering drivers, therefore, 
would be morely likely to force their way into the main 
stream, increasing their likelihood of causing or being in-
volved in an accident. Rural interchange users, however, 
may be "deadened" to perception of high speeds and may 
be more likely to misjudge their velocity with respect to 
posted ramp speeds. This failure to exit at a safe speed 
may result in a higher number of accidents on the exits at 
rural interchanges. 

The percentage of ramp accidents involving out-of-state 
vehicles is approximately equivalent to the percentage of 
such vehicles in the total traffic. 
This conclusion, cited by Cirillo et al., is unusual and un- 
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expected. Cirillo surveyed 1,079 drivers who had been in-
volved in either an exit or an entrance accident. The find-
ings showed that although 6 percent of the traffic volume 
consisted of out-of-state vehicles, only 5 percent of the 
vehicles involved in accidents were out-of-state. One ex-
planation for this might be that those involved in accidents 
are rush-hour users of the Interstate System who are driving 
carelessly in their haste to get home. This type of accident 
may bias the figures to such a degree as to make the out-
of-state interchange user appear to be a safer driver than 
he really is. A distinction of in- and out-of-state accident 
rates between rush-hour and off-peak periods might help to 
explain this unexpected finding. 

Browner (4) cautions that this fact should not be ex-
panded to claim that unfamiliar drivers are as safe as 
familiar drivers. He states that researchers often use out-
of-state driver statistics to reflect unfamiliar driver statistics 
simply because out-of-state vehicles are much easier to 
record. However, many in-state drivers who are involved 
in accidents may be unfamiliar with the area and, there-
fore, are disadvantaged as greatly as out-of-state drivers. 
This fact, however, would not be revealed in the statistics 
presented by Cirillo. 

HUMAN FACTORS 

To thoroughly understand traffic operations and ways to 
improve the system, it is necessary to understand the driver 
and how he reacts and interacts in the highway environ-
ment. It is necessary to know exactly what is expected of 
the driver (i.e., the driving task) and what information the 
driver needs to operate safely and efficiently on the high-
way. Toward this end, research psychologists together with 
highway engineers have endeavored, with considerable suc-
cess, to describe the driving task for various situations and 
to determine the types of information required for each 
driving task. 

This section includes pertinent findings of research that 
has attempted to define the driving task and the information 
the driver needs to exit from a freeway. 

The Driving Task for Exiting 

In general, the driving task includes all driver activities 
taking place from the inception of a trip to its termination. 
This broad definition was developed by King and Lunenfeld 
(26) in their study of driver information requirements and 
transmission techniques. Within this general driving task, 
there are levels of performance. At one end of the scale 
is microperformance, which encompasses the details of 
driving—i.e., steering and speed control necessary to main-
tain the vehicle on the desired path. In the middle of the 
scale is situational performance, which is concerned with 
how the frequently changing situational factors (roadway, 
traffic, pedestrians, environment, etc.) cause the driver to 
adjust his microperformance tasks. How well the driver 
performs is related to how well he perceives the situation 
and his ability to react. At the opposite end is macro-
performande, which entails trip planning and directional 
finding. 

When viewed in light of these findings, the driving task  

at the freeway exit is extremely arduous because all three 
levels of performance are required simultaneously. Regard-
less of whether the driver should exit from the freeway at 
any particular interchange, the driver must: (1) determine 
his desired direction (macroperformance), be it to con-
tinue through or to exit; (2) perceive the deceleration lane 
and exit ramp, as well as the surrounding traffic, and react 
to them (situational performance); and (3) attend to the 
details of steering and speed control (microperformance). 

Mace et al. (28) give a more detailed description of the 
driving task for the exiting maneuver in their study of in-
formation requirements for exiting. Figure A-3 shows their 
proper exit maneuver. They describe the "ideal exit 
maneuver" as follows: 

First, the driver should maintain relatively constant 
velocity in the mainstream. The deceleration of the im-
proper exiting vehicle in [Fig. A-31 forced the following 
vehicle to decelerate also. This is obviously an accident-
provoking condition. Furthermore, "shock wave" effects 
may force other vehicles behind the following vehicle to 
also slow down, creating a more hazardous situation. 
Second, E should be in the right lane prior to the start 
of the deceleration lane. If this is not accomplished, the 
driver may be forced to miss the exit or weave across 
two or more lanes. Third, E should enter the decelera-
tion lane shortly after it begins. This is necessary to pro-
vide sufficient time to decelerate to ramp speed. Fourth, 
deceleration should begin gradually immediately after 
entering the deceleration lane. If deceleration is rapid 
and the vehicles following E also intend to exit, they 
will be forced to slow down in the mainstream. Fifth, 
E should reach ramp speed before the end of the decel-
eration lane. 

Taylor et al. (48) give another description of the driving 
task involved in exiting or diverging. In ascertaining driver 
delineation requirements they developed Information/ De-
cision/Action (IDA) sequence files for the various situa-
tions that confront the motorist. Table A-3 is an IDA 
sequence that was developed for the diverge or exiting 
maneuver. The sequences are shown in reverse, with the 
terminal action first, working backward (upstream) to the 
driver's point of entry into the situation. 

Information Requirements for Exiting 

Just as the driving subtasks fall into levels, or a hierarchy, 
so do the information needs to perform these tasks. For 
exiting from the freeway the driver must have information 
regarding his direction, the intended path, and the sur-
rounding traffic. King and Lunenfeld (26) claim that 
where information needs are in competition (e.g., at an 
interchange) there is an order in defining the need to be 
satisfied first. This relationship is called "primacy." On 
the primacy scale, macroperformance information needs 
are at the bottom; information needed to perform the 
microperformance subtasks of steering and speed control 
is at the top. "A well-defined information system would 
attract the driver's attention to the primacy needs, when 
competing needs exist, and release his attention when the 
need is satisfied" (26). 

A more detailed description of the information require-
ments is shown in Figure A-4, from Taylor et al. (48). 
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Figure A-3. Schematic diagram of exit maneuvers showing time-space relations/lips of 
exiting (e) and mainstream (m) vehicles. 

Although that study emphasizes the information require-
ments that can be satisfied by delineation techniques, the 
model shown in the figure does identify the information 
requirements, the information source, and the task require-

ment for exiting. 
As Taylor's model shows, the driver needs various in-

formation at different times. On the macroperformance 
end, the driver needs adequate advance warning of the 
exit—provided by signing—to inform him of his destina-
tion. As he approaches the exit area, he needs to know the 
location of the deceleration lane—provided by both his 
view of the geometry and the pavement markings—so that 
he can initiate his exit (situational performance). Lastly, 
he must be aware of the gore area and the ramp geometrics 
so that he can complete his exiting maneuver (micro-

performance). 

SIGNING 

Directional signing on a freeway plays a major role in in-
formation transfer to the driver. Signing continually ad-
vises him of his location on the freeway network and guides 
him to his destination. Webb (56) contends that signing is 
"an intrinsic part of the geometric design and must be given 
due consideration in the planning." Signing is especially 
critical when the motorist wishes to exit from the freeway. 
The series of signs that inform him of an approaching exit 
are the primary source of exiting information and therefore 
must be carefully designed. 

This section provides various lessons learned from pre-
vious research that pertain primarily to the influence of 
signing on exiting operations. Other references deal with 
letter height, spacing, lateral location, etc. 

1. Six principles—interpretation, continuity, advance no- 
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TABLE A-3 

IDA SEQUENCE FILE—DIVJERGE 

A Establish position in desired traffic stream (ramp). 
5 	D Tracking modification required. 

I Lane boundaries. 
A Initiate divergence maneuver. 

4 	D Appropriate location for tracking/speed modifica- 
tion to initiate maneuver. 

I Location of gore; lane boundaries. 
A Establish position in appropriate lane for diverges. 

3 	D Tracking/speed modification required. 
I Lane 	boundaries; 	location 	of 	gore; 	destination/ 

direction. 

A 	Maintain lane position. 
2 	D 	No tracking modification required. 

I 	Lane boundaries; destination/direction. 
A 	Enter diverge maneuver area. 
D 	Exercise caution; increase surveillance sampling 

rate. 
I 	Location of diverge area. 

Source: Taylor et at. (48). 

tice, relatability, prominence, and unusual maneuvers—
should be considered in the design, installation, and main-
tenance of directional signing for freeways to reduce driver 
confusion. 
Schoppert et al. (42) undertook a study to determine the 
essential elements of adequate directional signing for urban 
freeways. By analyzing signing locations, and through 
interviews with drivers concerning their experiences on the 
freeway system, they formulated six basic principles (Fig. 

I. INTERPRETATION 

All possible interpretations and misinterpretations must be consid-
ered in phrasing sign messages (words and symbols). There are two 
important general points to be remembered. The first is that a 
motorist's interpretation of a sign message is based not only on 
what the message says but also on what it does not say. The second 
point to be kept in mind is that literal interpretation results in 
the motoristb doing exactly what the sign indicatos exactly at the 
sign location. 

CONTINUITY 

Each sign must be designed in context with thoae which precede it so 
that continuity is achieved through relatively long sections of high-
way. The driver should be expected to evaluate not more than one new 
alternative at any advanced sign. 

ADVANCED NOTICE 

Signing must prepare the driver ahead of time for each decision he 
has to make. 

RELATABILITY 

Sign messages should be in the same terms as information available 
to the driver from other sources, such as touring maps and addresses 
given in tourist information and advertising, 

PROMINENCE 

The size and position, as well as the number of times a sign or 
message is repeated should be related to the competition from 
other demands on a driver's attention, 

UNUSUAL M#NEUVERS 

Signing must be specifically designed at points where the driver has 
to make, a movement which is unexpected or ucnatursl. 

Figure A-5. Six principles of freeway signing. 

A-5) to be used in the design, installation, and maintenance 
of freeway directional signing. They concluded that al-
though uniformity in sign communication was important, 
some situations were so complex that they would require 
individual treatment rather than following fixed standards. 
They claim that signing uniformity "should be a uniformity 
of basic principles." 

In another study, Peterson and Schoppert (36) evaluated 
motorists' needs as related to signing on a beltway. Using 
the results of questionnaires and information obtained in a 
meeting of highway engineers, they formulated three pre-
signing concepts: 

Concept No. 1—"Provide orientation through the 
consistent application of a series of sign elements which 
will provide sequential and confirmatory information for 
the motorist. The interchange sequence sign is an effective 
means of achieving continuity." 

Concept No. 2—"Establish route numbers and route 
names as the primary elements of interchange guide signs 
and reserve the use of place names for selected locations 
where they give the motorist directional orientation which 
could not otherwise be provided." 

Concept No. 3—"At the interchange of a radial route 
with the beltway, limit signing destinations to route inter-
sections, regional areas and identifiable physical features on 
the beltway route, and exclude destination names except as 
a supplemental guide not normally repeated in the inter-
change signing sequence." 

Based on these concepts and the information acquired in 
their study, Peterson and Schoppert identified and recom-
mended signing criteria: 

The interchange sequence signs should be a standard 
element in beltway signing. 

The location of the sequence sign should be just 
beyond the last exit ramp of an interchange. 

The gore signs should always be mounted overhead 
and illuminated on a structure 200 to 300 ft in advance of 
the exit ramp nose. 

At a two-exit interchange, it is desirable to mount the 
second gore sign overhead. 

S. The exit direction sign should become a standard sign-
ing element and always carry the message RIGHT (or LEFT) 
LANE. It would be mounted about 2,000 ft in advance of 
the gore sign. If there is more than one exit at the inter-
change, information for each exit should be included on 
the sign. 

Articles and prepositions should be added to guide 
signs to increase their legibility. 

The advance guide sign should be used only at "ma-
jor" (as defined by AASHO) interchanges, and then only 
when it can be located no closer than 800 to 1,000 It in 
advance of the exit direction sign. When a distance from 
the gore is less than one mile, an overhead structure should 
be mandatory. 

Every gore should be marked with an EXIT or RAMP 

sign to identify the point of departure of the ramp from 
the main roadway lanes. 

2. The use of diagrammatic signs, especially at complex 
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Figure 4 -6. New Jersey diagranzizatic signs. 

jnprcInncec, shows good potential from both the sa1et' 

and judgmental viewpoints. 

The concept of diagrammatic or graphic signs is not new 

(England has used them for years): however, it has been 

only within the last fivc years that studies on their effective-
ness have been conducted. Several states, in conjunction 
with the Federal Highway Administration, have evaluated, 

or are in the process of evaluating diagrammatic signs. 
Those states that have reported results are cited here. 

New Jersey's Department of Transportation (39) studied 
a sequence of diagrammatic signs (Fig. A-6) that were in-

stalled at the interchange of 1-287 with US 22. This inter-
change is complex in that exits are found on both right and 

left sides of the highway. Before the diagrammatic signs 
were installed, the exiting signs were modified to conform 
with present Interstate standards. Data, consisting mainly 
of frequencies of erratic maneuvers, were collected in a 

"before and after" study. Comparison of the modified sign 
and the diagrammatic sign conditions showed a significant 

reduction in the rates of unusual maneuvers when diagram-

matic signs were used. The reduction in rates was attributed  

to the changes in the signs: but it was noted that the change 
may also be partially attributed to: (1) the greater atten-
tion value of the unique signs, and (2) the motorist's feel-
ing that greater importance has been put on his needs at 
this particular location. In addition, this report cites several 
advantages that a diagrammatic sign affords to the motorist. 
in comparison to conventional signs. The most important 
advantage appears to be the advance information that it 
provides—the exit directions are clearly communicated for 
all exits at more advanced locations. Also, the number of 
lanes for a movement are communicated by displaying 
different arrow stem thicknesses. 

In 1969. the Arizona Highway Department (43) con-

ducted a test of one diagrammatic sign at 1-10 and Ariz. 93 
(Fig. A-7). They compared the performance of the new 
sign with that of the previous sign in terms of reducing the 
approach speeds of vehicles. Also, they obtained the ob-
servations of various professional engineering personnel as 
well as the opinions of a sample of motorists who drove 
over the exit ramp. The results of their speed analysis indi-
cated no significant change between the before and after 
periods. Both the engineering personnel and the drivers 
using the exit ramp expressed approval of the diagrammatic 
sign. 

The Wyoming State Highway Department (15) also 
compared, through visual observations of vehicle move-
ments and driver interviews, the traflic operations and 
driver behavior before and after the installation of diagram-

matic signs. Four study sites on 1-25 and 1-80 in the 
Cheyenne area were tested. Although the studies were not 
conclusive, the data indicated that installation of diagram-
matic signs brought about a reduction in erratic movements. 

Graphic guide signs have been evaluated in a laboratory 

setting as well as in the field. Berger (2) developed a series 
of laboratory techniques to derive empirical criteria for 

designing and deploying diagrammatic signs. The proper 

lane positioning technique was found to be the most effec-

tive method for testing guide signs. This technique proved 

valuable in differentiating other roadway characteristics 
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that graphic signs can present to the driver. The laboratory 
results showed that graphic guide signs permitted better 
route guidance performance than conventional signs at cer-
tain complex interchanges—collector-djstrjhiitor with lane 
drop, and multiple split ramps. In addition, graphic signs 
can provide information on the relative exit speeds and 
distances between ramps, and facilitate the identification 
of the driver's exit. As it product of the research, guide-
lines for deployment and design were developed. 

It appears from research to date that the principle of 
diagrammatic or graphic guide signs shows potential for 
improved conimunication to the motorist. The main ad-
vantage lies in the ability to provide information regarding 
the interchange layout prior to the exit area. However, 
before the full potential can be realized several questions 
must be resolved, such as: 

How much information (words as well as diagrams) 
can be provided on any one sign? 

Where should the sign be located with respect to the 
exit area for maximum usefulness? 

How should the directional arrows be shaped with 
regard to width (to connote number of lanes) and curva-
ture (to connote degree of exit ramp curvature)? 

For which types of interchanges are diagrammatic 
signs best suited? 

Will the diagrammatic sign be as effective as it ap- 

pears to be if employed at all locations, or does it gain its 
effectiveness from its uniqueness? 

Research being conducted under the direction of the 
Federal Highway Administration should answer sonic, if 
not all, of these questions. 
3. The placement of advance warning information is 

itnporlant in efjecting appropriate exit inaneus'ers. 

Mace. Hostetter, and Seguin (28) conducted laboratory 
and controlled field studies to evaluate driver performance 
at exit ramps. Using a driving research simulator and an 
instrumented vehicle, they studied two variables—informa-
tion presentation time (the amount of time a sign is read-
able) and information lead distance (the distance from an 
exit at the advance information sign place)—to determine 
how signing affects the exiting maneuver. The results indi-
cate that, if given too much advance warning, drivers tend 
to pass if impeded: then they find themselves out of posi-
tion to effect early entry into the deceleration lane. In 
addition, advance information presented close to the be-
ginning of the gore generally results in an erratic maneuver. 
On the basis of the results obtained from the experiments 
on information lead distance (ILD), the ¼-mile ILD ap-
peared to be inadequate for the performance of a proper 
exit maneuver. Very few diffrrrnrpc were observed be-
tween the exiting behavior of the drivers with a I- or ½-
mile ILD. The data obtained for information presentation 
time (IPT) indicatcd that, gi veii the ai iouiit of orientation 
provided to the experimental subjects, the amount of IPT 
required by drivers is less than the IPT that is typically 
available through current signing practices. 

The lack of adequate advance warning as a contributor to 
driver indecisiveness at exit areas is cited by Peterson and 
Schoppert (36). They state that of the comments obtained 
from their questionnaires, one of the most frequent was ..
not enough advance warning." Many motorists believed 

that the signs were either poorly located or were too close 
to a decision point. 

A study by Northwestern University (32) found that 
left-hand exit ramps were less efficient operationally and 
slightly more hazardous than similarly designed right-hand 
ramps. The researchers cite signing as the "single most 
important factor affecting left-hand exit ramp operation." 
Because signing is of prime importance, they recommend 
that directional signs be placed at points 2. 1. ½ and ¼ 
mile upstream of the ramp nose (see Fig. A-8). 

The Texas Transportation Institute (57), in conjunction 
with several state highway departments, conducted a study 
of highway visual communication systems, using a diagnos-
tic team approach. In addition to developing the diagnostic 
technique. the study objectives included the identification 
of problem areas in visual communications and the formu-
lation of reconiniendations to alleviate them. Each diag-
nostic team was composed of a traffic engineer, a law en-
forcenient officer, a highway administrator, a professional 
driver, and two lay drivers.. Each team member drove 
through a route for a specified amount of time. Drivers 
were asked to express opinions concerning features asso-
ciated with their particular study route. After completing 
their roles as both observer and driver, participants re-
sponded to it diagnostic questionnaire concerning the driv- 
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ing task. Also, after completion of the driving runs, group 
sessions were held at each study site to discuss aspects of 
the driving routes in which improvements could be made. 
The next five lessons learned are developed from the team's 
most significant comments regarding exiting on freeways. 

The mixing of background colors on information sign-

ing is confusing. 
The green-background sign has been reserved for direc-
tional signing, and motorists have learned this code. If 
a different color is used for directional information, the 
motorist is apt to overlook the sign, resulting in a break-
down in information transfer. Consistency of sign color, 
and of the message between the advanced signing and the 
signing at the exit, is essential to avoid confusion. 

However, Michigan (40) has been studying the effective-
ness of blue color coding for exit ramps. In addition to 
blue paint markings and blue delineators, the backgrounds 
for the exit designation signs were changed to blue. The 
results of their questionnaires indicated a favorable motorist 
response. 

Driver expectancy plays a critical role in interpretation 
of information presented to the driver. 
The TTI team members identified driver expectancy as a 
primary factor in determining the effectiveness of highway 
visual communication systems. When the driver expects 
one situation (a right-hand exit ramp) and encounters 
another (left-hand exit ramp), the associated perception 
reaction time is greatly increased. Therefore, in unusual 
situations it is particularly important to present information 
(e.g., presence of left-hand ramp) well in advance of the 
decision point. 

Cardinal direction markers are an important guide for 
drivers. 
Route designations are important in that they provide direc-
tional information to motorists. When the cardinal direc-
tion of a particular route is identified, however, the driver 
receives an even more specific message. Drivers desire the 
presence of cardinal direction plates, in conjunction with 
confirmatory markers, after every freeway interchange and 
major arterial intersection. 

The use of exit numbers is beneficial because it assists 
the driver in locating the interchange at which he desires to 

exit. 
The use of the exit number is of greater value in urban 
areas where the density of traffic makes glance identifica-
tion of the exit very advantageous. 

The use of directional arrows on advance exit signs can 
be objectionable to the driver. 
Directional arrows on signs located so far in advance of 
off-ramps that they do not readily relate to the roadway 
geometry tend to confuse motorists. The ITT team drivers 
point out that these arrows induce a sense of urgency and/ 
or a temptation to leave the through lane before the exit 
ramp is reached. 

DELI NEATION 

Frequently, in the highway literature, the term delineation 
implies post-mounted reflectors, and pavement markings 
(edge lines, lane lines, etc.). However, in NCHRP Re- 
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Figure A-S. 	Typical sign design at a 	left-hand exit. 	After 
Northwestern University (32). 

port 130, "Roadway Delineation Systems," a much broader 
meaning is ascribed to delineation: "a delineation tech-
nique is one of several types of devices and/or treatments 
(reflective striping, rumble strips, etc.), excluding signs not 
specifically related to a delineation system, which provide 
guidance, regulatory or warning information to a driver." 
Furthermore, a "delineation system is a collection of tech-
niques and/or treatments which together form an orga-
nized pattern or network of information which serves to 
distribute and/or manipulate vehicular traffic over a speci- 
fied section of roadway for a specific purpose(s)" (46). 

Significant findings from past research on delineation of 
exit gore areas follow. 

Using raised pavement markers or some form of a 
raised stripe for the gore markings measurably improves 
their visibility, as compared to standard paint markings. 
Tutt and Nixon (52), using the diagnostic team approach, 
evaluated various patterns of roadway delineation for free-
way exit ramps. Although standard reflectorized paint 
markings were found to perform well in dry weather, they 
were ineffective under wet night conditions. Reflectorized 
pavement markers were found to be effective under wet 
night conditions and also maintained an association with 
the intended path of the vehicle, thereby providing the 
desirable positive delineation. 

The effectiveness of raised markers was also emphasized 
by Woods et al. (57), especially where visual contact with 
the roadway surface is maintained. However, the problem 
of removal by snowplowing operations still exists, and 
limits the use of RPM's to areas with little or no snow. 

Rowan (41) conducted controlled field tests to compare 
the night visibility characteristics of a raised stripe method 
(surface treatment) of approachend treatment with the 
conventional paint line method. Tests showed that with 
the raised stripe the visibility distance, determined by driver 
observations, was greater in both wet and dry conditions. 
In addition, the raised stripe provided a rumble effect that 
could be used to alert an errant driver. 

Color-coded delineation eases the driver's task in exiting 
freeways by presenting a better-defined path. 
Several states (Texas, California, Michigan, Minnesota, 
Ohio, and Oregon) have studied the effectiveness of color-
coded interchanges. All have used blue as the color for 
raised pavement markers, post delineators, paint lines, sign 
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backgrounds, or combinations of these treatments at exit 
ramps. 

Michigan (40) color-coded a 40-mile section of a free-
way that included 14 interchanges. Exit ramps had 8-in. 
blue edge lines and blue post delineators; blue backgrounds 
were used for exit and destination signs. As compared to 
the standard treatment, this system resulted in a reduced 
number of erratic movements. Drivers interviewed re-
sponded favorably to the blue treatment. 

An Ohio (50) experiment in color coding used blue 
delineators, blue edge lines, and blue guide signs at two 
exit ramps, and yellow delineators and edge lines at two 
entrance ramps. The system was in use for two years, after 
which driver interviews were conducted-91 percent of the 
drivers responding had noticed the color system and 86 per-
cent understood its meaning. 

Oregon (9) used 8-in, blue edge stripes and triple blue 
reflectors on five exit ramps. The gore markings were half 
white and half blue, and the exit signs were changed to blue. 
Color coding had no effect on speeds or accidents but did 
appear to result in a smoother path for exiting vehicles. 

In Minnesota, Darrell and Dunnette (14) used triple 
blue delineators, full-width blue reflectorized pavement 
paint, and blue exit signs to delineate an exit ramp (the 
directional signs remained green), varying the degree of 
delineation and lighting in five different combinations. 
Driver interviews revealed that lighting was the most im-
portant factor for reducing driver confusion and error, but 
that the blue delineation also was helpful. Under standard 
delineation, route markings were the primary information 
source on where to turn; with the new delineation, the 
reflectors and pavements paint provided significant 
information. 

In a follow-up study, Anderson and Pederson (1) made 
the following changes: The full-width pavement paint was 
changed to 12-in, edge lines because drivers had slowed 
down unnecessarily at the abrupt end of the paint; the 
yellow and blue colors were intermixed on various exits 

and entrances to determine whether any effects were due 
to a particular color, or to the introduction of color per se. 
Speed, placement, volume, vehicle classification, and er-
ratic maneuvers data were recorded. Analysis of the data 
indicated that vehicles had higher speeds and exited later 
at the blue exits during the daytime; no other valid con-
clusions could be drawn. The majority (75 percent) of 
drivers interviewed had not noticed the color treatment at 
all, but those who had noticed believed that it was bene-
ficial, especially at night. Particular colors produced par-
ticular reactions (yellow had a definite cautionary effect). 

In a laboratory study on coding and information value 
of roadway delineation systems, Taylor et al. (48) found 
that a blue delineation treatment produced a greater cor-
rect response than an amber treatment for the exit ramp 
situation. In the same project, full-width orange-colored 
pavement was field-tested at several exit ramps. Of the 
several-variables examined, only vehicle speed was influ-
enced (but not consistently) by the colored pavement. The 
colored pavement was found to be marginally visible at 
night and during rain. 
3. Illumination, supplemented by an adequate delineation 
system, can improve operations and safety at exit gores. 
Darrell and Dunnette (14) also investigated the effects of 
illumination at exit ramps. Driver reactions were deter-
mined through interviews, and the results suggest that light-
ing is an effective means of reducing driver confusion and 
possible error. 

A similar study of illumination and delineation was con-
ducted in Connecticut by Taragin and Rudy (47). Driver 
behavior data in the form of speed, placement, headway 
and lateral clearance were recorded under nine different 
conditions of highway illumination and delineation. One 
off-ramp and one on-ramp were studied. Results indicated 
that nighttime use of the deceleration lane approached 
daytime use as the level of illumination increased. They 
also emphasized that maximum benefits are derived when 
full illumination is combined with roadside delineation. 

APPENDIX B 

CASE STUDY REPORTS 

A major part of this study was based on the results of 
several case studies. The case study approach provided a 
feasible and effective means of examining several types of 
problem exit areas, determining why motorists made erratic 
maneuvers at gore areas, and testing remedial treatments 
in the field. Findings of the case studies then served as a 
basis for general conclusions regarding causes of erratic 

* By R. W. Felsburg, J. C. Hayward, and H. W. McGee. 

driver behavior, remedial devices, and new design and 
traffic control criteria. 

Nine sites were used as case studies: three were located 
at the Eisenhower Interchange complex in Harrisburg, Pa. 
(Fig. B-i); three were in the greater Pittsburgh area on the 
Penn-Lincoln Parkway (Fig. B-2); and three were in the 
Baltimore, Md., area (Fig. B-3). The sites are described 
in each study. 
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Figure B-I. Location of Harrisburg case slimily viles. 

The reports are organi7ed as follows: 

Site Description—geometric characteristics. and sign-
ing and delineation devices that existed in the "before" 
situation. 

''Before" Erratic Maneuver Data—erratic maneuvers 
that occurred in the "before" situation. 

Driver Interviews—results of the driver interviews, 
which provide an insight into the causes of erratic ma-
neuvers and possible remedial treatments. 

Reconunended Re,nedial Devices—changcs that were 
recommended to the respective state highway departments. 

"After" Erratic Maneuver Data—erratic maneuvers 
that occurred in the "after" treatment situation. 

Comparison o/ "Before" and "After" Data—"before" 
and "after" data are statistically compared to determine 
successes or failures. In the comparison tables the EM 
rates (number of erratic maneuvers/volume) are compared 
for each category. A chi-square test using Yates adjustment 
factor was employed to determine whether the difference 
between the "before" and "after" rates was statistically  

significant. The level of confidence associated with the 
difference is given. For example, a 90 percent confidence 
level would mean that there is a 0.90 probability that the 
"before" and "after" mean EM rates are not from the same 
population mean and that the difference is attributable to 
some factor not present in the "before" situation. In other 
words, had the researchers not applied a remedial treat-
ment there is a 10 percent chance that the difference would 
have occurred anyway. Where the confidence level is less 
than 50 percent the difference is reported as not significant. 

Evaluation and Recommendations—findings of the 
case study are synthesized, and appropriate recommenda-
tions are made. 

CASE STUDY 1—I.83S TO US 322E AND 
DERRY ST. (EXITS 27-28) 

Site Description 

Site I is situated southeast of Harrisburg, Pa., and is part 
of the large Dwight D. Eisenhower Interchange. 1-83 is 
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Figure R- 	I ocatioll of IJa(ti,nore case stiu/v Sit('S. 

the principal route carrying motorists from the Harrisburg 
area south to Baltimore, Md. Several miles north of the 
site. 1-83 eonnect; with 1 81, which continucs north to 
Scranton. Pa.. and into the State of New York. The test 
exit is used by those southbound motorists who wish to 
travel east on US 322 toward Hershey, or by those pri-
manly local drivers who desire to exit to Derry St. or 

Paxton St. 
The exit is designed with a long, parallel type of de-

celeration lane and leaves the main roadway nearly tangen-
tially. Immediately beyond the exit. 1-83 begins to curve 
to the left. In addition to the long deceleration lane, the 
gore area is very long and free of obstructions. The de-
celeration lane begins just beyond the crest of a slight rise, 
and the entire diverge area slopes downhill. Therefore, 
once over the crest, the driver has an excellent view of the 
exit geometry. Figure B-4 shows the geometric layout of 

the exit. 
Figure B-5 shows the original signing sequence. The first 

sign structure (Sign 1) is located approximately 13/4  miles 

upstream from the exit. The sign above the right lane 

indicates the exit numbers and the three destinations— 

US 322 EAST, JIERSI-tEY, and swATARA—Which may be 

reached by way of the exit. The left sign provides the 
information that in two miles the road will connect with 
1-283S. (The right sign, over an exit ramp, refers to the 
exit previous to the one being studied.) Three-quarters of 
a mile downstream from the first sign is a post-mounted 

sign (Sign 2) that gives the same information about the 
exit. Next there is an overhead sign structure with two 
signs that begin to direct drivers into the proper lanes 
(Sign 3). The one on the right is identical to the other 

exit signs, except for the NEXT RIGHT tabs and the down-

ward-pointing arrow. The sign above the left lane now 
indicates three routes and one city destination. Note the 
small US 322 wesr sign with the arrow curving to the right 
at the base of the overhead structure. The fInal overhead 
structure (Sign 4) for the exit is located at the beginning 
of the diagonal gore markings and supports three signs. 
The sign above the deceleration lane displays the same 

information as the previous signs and has an upward-
sloping arrow indicating the direction of the exit. The mid-

die sign specifies for the first time the way to I-SI and 

Harrisburg: the left sign repeats information given earlier. 



38 

Fjt'ure /3.4. Exit area. Site I 

After the motorist has exited, he approaches a sign struc-
ture (Sign 5) that indicates that Derry St. is to the right 
and Paxton St. is straight ahead. There was no indication 

of these two streets in the exit directional signing. All 
overhead signs are illuminated, but the post-mounted sign 
is not lighted. 

The "before" delineation consisted of the extremely long 

diagonal gore markings and amber post delineators along 
the right side of the deceleration lane and ramp. Also, the 
entire area was illuminated. 

"Before" Erratic Maneuver Data 

A total of 20½ hr of observation (including 4 hr at night) 
was completed June 24. 25, and 26, 1971. Table B-I indi-
cates that there were 279 erratic maneuvers, nearly 71 per-

cent (197) of which were committed by exiting motorists. 

The erratic maneuver (EM) rates indicate the same relative 

problem severity—the rate for exiting vehicles was 2.18 per-
cent, as opposed to 0.55 percent for through vehicles. This 
trend is apparent under both day and night conditions; note 

that the EM rates remained relatively constant under both 

lighting conditions. Because the rates do not increase (lur-
ing darkness, night visibility does not appear to he a 
problem. 

Driver Interviews 

The driver interviews were revealing and helpful in the 
attempt to remedy the problems at this site. A total of 

31 interviews, with motorists who committed exiting erratic 

maneuvers, were conducted on a Friday and a Saturday 
in June and only during daylight hours. (See Appendix F 
for the interview forms used.) 

Table B-2 gives a summary of each interview. The re-
marks indicate that 14 of the 31 erratic maneuvers were 
caused by problems with sign interpretation or messages. 

Specifically, 12 (39 percent) motorists stated that they were 
looking for signs specifying that the exit was for Derry St. 
and/or Paxton St.; "Swatara" had no meaning to them. 

Several drivers whose destination was Derry St. said that 
they noticed the Paxton/Derry St. sign at the end of the 

ramp and, therefore, made last-minute exits. Several 
motorists mentioned that they had been distracted or 
inattentive. 

As Table B-3 indicates, most of the interviews were con-

ducted with male drivers in the age group of 26 to 40 years. 

The greatest number of interviews involved drivers who 
were on private business trips of less than 50 miles in 

length, yet had seldom used this exit. Therefore, the 
problem sccnicd to tic of it local nature. 

Recommended Remedial Devices 

Because "Swatara" had no meaning to nonlocal drivers. 

and local drivers seemed to prefer signs for Derry St. and 
Paxton St., it was recoiniiiemided that DERRY ST. replace 
SWATARA on all signs in the sequence. Although it would 
have been desirable to include Paxton St. on the signs, it 

was believed that four destinations on one sign would cause 

additional confusion. Derry St. was selected because it was 

mentioned more often in the interviews. This change was 
implemented on all signs, as shown in Figure B-6. 

TABLE B-I 

"BEFORE" ERRATIC MANEUVER DATA, SITE I 

Vehl1aa 

: 	. : 
o 

o 

31  

61 12 2 	0 1 7 0 3 	66 15 1 1 0 	6 0 2 1 	26 92 7 7626 4410 3216 1.21 .59 2.0 
400010005 40000010 5 10 2 1146 798 368.87.631.4 

62 6 2 	0 0 6 0 1 	77 19 1 4 0 	5 0 1 0 	30 107 7 9618 6084 3534 1.11 .49 2.3 
10 2 0 	0 0 2 0 0 	14 3 1 0 0 	2 0 0 0 	6 20 2 1584 1016 370 1.26 .59 2.4 

22 5 2 	0 0 5 0 1 	35 9  2 1 1 	0 0 2 0 	15 50 24  3906 2538 1368 1.28 .59 2.5 

oal 139 25 6 	0 2 0 0 5 197 55 3 6 1 13 0 6 1 	82 279 20 23880 14846 9036 1.17 .55 2.1 
Day 125 23 6 	0 1 8 0 5 178 43  4 6 1 11 0 5 1 	71 249 16 21150 13032 8118 1.18 .54 2.1 

Dark, 14 2 0 	0 1 2 0 0 	19 7 1 0 0 	2 0 11 01 	111 301 4 27301 18121 918 1.10 .61 2.07 
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TABLE B-2 

DRIVER INTERVIEW RESPONSES, SITE 1 
Diatim- 

Adequate guish 

Exit 	Trip 	Over 	Map 1(00W it 	Signs 	Advance Location 	Markings 	
E.M. 

	

No. 	SeX State 	AgnJae 	
Type 	50 xi. Use was_Exit?__Clear? 	Warning?__of_Ramp? 

	Clear? 	Type 	 Remarks 

	

14 	Pa 	<26 	Seldom 	Shopping 	No 	--- Not Sure Roughly 	No 	Roughly 	Roughly Gore Faint 	Derry St. sign should be 
up at gore. All exits 
should be signed at least 
twice. 

2 	14 	Pa. 	55 	Yearly 	Recreation No 	No 	
Yes 	 Yes 	Yes 	Yes 	Yes 	Core Paint 	No difficulty at all. 

3 	14 	Pa. 	26-40 Monthly Business 
	No 	No 	Not Sure 	Yes 	Yes 	Yes 	Yes 	Gore Paint 	Wasn't paying attention. 

4 	14 	Pa. 	26-40 Seldom 	Business 	
Yes 	No 	Not Sure Roughly 	No 	Yes 	Yes 	Stop Gore 	Derry St. is not well 

marked. 

5 	M 	Pa. 	26-40 Seldom 	Business 	
No 	-- Not Sure Roughly 	No 	Yes 	Yes 	Core Paint 	Confused by Swatara mes- 

sage; not sure where it 
was. Acceleration lanes 
not long enough. 

6 	14 	Pa. 	<26 	
Monthly Business 	Yes 	No 	Yes 	 Yes 	Yes 	Yes 	Yes 	Core Paint 	Just wasn't paying atten- 

tion 

7 	P 	Va. 	26-40 Weekly 	
Shopping 	Yes 	No 	Not Sure 	No 	No 	Yes 	Yes 	Core Paint 	Knew she wanted Paxton St. 

but was unsure that this 
was the right exit. 

	

g 	M 	Pa. 	>55 	Seldom 	Business 	No 	
--- Not Sure 	No 	Barely 	Yes 	Yes 	Lane Change Hershey isn't marked well 

	

9 	p 	Ps. 	26-40 Seldom 	
Business 	No 	No 	Yes, last 	No 	No 	Yes 	Yes 	Core Paint 	Wan looking for Derry St. 

minute 	
It vasn t marked well 
enough in advance. 

	

10 	F 	Pa. 	26-40 Seldom 	Shopping 	
No 	--- Yes 	 Yes 	Yes 	Yes 	Yes 	Core Paint 	Last minute decision to 

take exit. 

	

11 	14 	Pa. 	<26 	Weekly 	Recreation No 
	Yes Yes 	 Yes 	Yes 	No 	No 	Core Area 	Mad trouble seeing the 

exit. Put sign up to say 
it's an exit. 

	

12 	14 	Pa. 	26-40 Weekly 	Business 	
No 	--- Not Sure Roughly 	No 	Yes 	Yes 	Core Paint 	Paxton St. not signed at 

gore; saw Paxton St. sign 
down ramp. Swatara has 
no meaning. 

	

13 	F 	Pa. 	41-55 Weekly 	Recreation No 	No 	Yes 	 Yes 	Yes 	Yes 	Yes 	Stop Core 	Didn't make up mind which 
way to go until last min- 
ute. 

	

14 	N 	Pa. 	426 	Weekly 	Work 	No 	--- Yes 	Roughly 	Yes 	Yes 	Yes 	Core Paint 	Was trying to pass a truck 
and couldn't 3et into exit 
lane soon enough. 

	

15 	14 	N.J. 	>55 	Seldom 	Recreation Yes 	Yes Not Sure 	No 	No 	Yes 	Yes 	Core Paint 	No sign for 1-83 up by 
gore. 

	

16 	F 	Pa. 	426 	Monthly Business 	No 	--- Not Sure 	No 	No 	Yes 	Yes 	Core Paint 	Sign said Nershey and 
Swatara and was looking 
for Derry St. & Paxton 
St. 

	

17 	M 	Mass. 	26-40 Seldom 	Business 	Yes 	Yes Not Sure 	--- 	--- 	--- 	--- 	Core Paint 	Were not sure this was 
the exit they needed to 
restaurant. 

	

18 	M 	Pa. 	>55 	Monthly Business 	No 	No 	Yes, last Roughly 	
No 	Yes 	Yes 	Gore Paint 	Too many signs; generally 

minute 	 confused. 

	

19 	14 	Pa. 	41-55 Monthly Business 	Yes 	Yes Not Sure 	No 	
-- 	Yes 	Yes 	Core Paint 	Looking for the Paxton St. 

sign. 

	

20 	P 	Pa. 	26-40 Seldom 	Business 	No 	--- Not Sure Roughly 	Yes 	Yes 	Yes 	Core Paint 	Harrisburg sign says 
straight ahead. Thought 
that it should say in use 
exit ramp. 

	

21 	N 	Pa. 	41-55 Weekly 	Business 	No 	No 	Yes 	 Yes 	Yes 	Yes 	Yes 	Core Paint 	Cosld go either way and 
didn't decide until last 
minute. 

	

22 	N 	Pa. 	26-40 Seldom 	Business 	No 	--- Yes 	 Yes 	Yes 	Yes 	Yes 	Core Paint 	Was caught pasning truck 
and had to cut aersnn 

	

23 	M 	Pa. 	v55 	Monthly Business 	No 	No 	Yes 	 Yes 	Yes 	Yes 	Yes 	Core Paint 	Wasn't paying attention 
and was in conflict with 
a truck. 

	

24 	N 	N.J. 	26-40 Yearly 	Business 	Yes 	
No 	Not Sure 	No 	No 	Yes 	Yes 	Core Paint 	No Derry St. sign. 

	

25 	M 	Pa. 	41-55 Monthly Business 	No 	
-- Not Sure Roughly 	--- 	Yes 	Yes 	Core Paint 	Thinks that Lebanon is 

to the left and that you 
should go to left rather 
than to right. 

	

26 	F 	Pa. 	26-40 Seldom 	Business 	No 	 --- 	--- 	--- 	--- 	Core Paint 	She was looking for sign 
to Derry St. 

	

27 	N 	Ohio 	26-40 Weekly 	Work 	No 	No 	Not Sure 	Yes 	Barely 	Roughly 	--- 	Core Area 	Was unfamiliar with the at a. 

	

28 	14 	Pa. 	26-40 Seldom 	Recreation Yes 	No 	
Not Sure Roughly 	--- 	--- 	--- 	Core Paint 	Roadway was all new to 

him. 

	

29 	M 	Pa. 	v55 	Seldom 	Shopping 	No 	No 	-- 	--- 	--- 	--- 	--- 	Core Paint 	Was looking for Paxton 
St. sign. 

	

30 	14 	Pa. 	>55 	Weekly 	Business 	No 	
-- Yes 	 Yes 	Yes 	Yes 	Yes 	Core Paint 	Uses exit often but this 

time was not paying atten- 
tion. 

	

31 	p 	Pa. 	26-40 Seldom 	Shopping 	No 	No 	Not Sure 	
Yes 	No 	Yes 	Yes 	Gore Paint 	Wanted a Derry St. Sign 

on the mainline. 
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Figure B-6(c) also shows that the small post-mounted 
sign that indicated US 322W to the right was removed. 
Although the general direction to that destination is to the 
right, it was feared that this sign implied that the motorist 
should take the exit. This is not the best routing for 
US 322W. Also, after the driver has exited, there is no 
further inforniatiwi to indicate the direction to that route 

Because therc was no Increase in nighttime erratic ma-
neuvers over the daytime rates, no major delineation 
changes were recommended. However, the ramp does di-
"ere somewhat tangentially and, therefore, may causc 
prohlem in identifying the tliiough route. to alleviate 
such problems it was suggested that crystal 'lehineators be 
placed at standard spacing along the through route, These 
(lelineators were installed before the "aftei" study. 

"After" Erratic Maneuver Data 

On Thursday through Saturday, December 2. 3, and 4, 
1971. the erratic maneuvers were again recorded. Data 



41 

were collected for 12 hr of daylight conditions and 4 hr at 

night. 
As in the "before" study, exiting erratic maneuvers are 

iii the majority: 135, as opposed to 25 through erratic 
maneuvers (Table B-4). The EM rates show that the 
exiting type is approximately six times as likely to occur 
as the through type. The rates are slightly higher at night 
than during the day; however, this increase is most promi-
nent in the exiting category and is negligible in the through 

EM rate. 
No driver interviews were conducted after the changes 

had been implemented. 

Comparison of "Before" and After" Data 

Table B-S gives a summary of all "before" and "after" 
erratic maneuver data. The total number of erratic ma-
neuvers decreased significantly—from 279 to 160 (roughly 
same number of hours of observation). However, this de-
crease is attributable entirely to the large reduction in day-
time erratic maneuvers, because the nighttime numbers ac-
tually increased slightly. Although it was believed that the 
sign legend change would benefit exiting motorists pri-
marily, both exiting and through erratic maneuvers appear 

to have greatly decreased. 
The volume data show an over-all decrease for both 

through and exiting traffic. However, night volumes, par-
ticularly the exiting volume, did increase. Because it was 
the Christmas season, the increase of nighttime exiting 
traffic might be attributed to the great number of shoppers 
traveling to a large shopping mall that can be reached by 

using this exit. 
The over-all EM rate fell from 1.17 to 0.86 percent. In 

fact, every category experienced a decrease in the rate. 
However, the statistical test revealed that the nighttime 
total and exiting rates were not significantly reduced. The 
through rate change during darkness was significant at the 
80 percent level of confidence, and all other rates were 
reduced significantly at a confidence level greater than 
95 percent. Table B-S indicates a reduction of 55 percent 

TABLE B-3 

SUMMARY OF DRIVER INTERVIEW RESPONSES, SITE 1 

QUESTION RESPONSE NO. 

Sex Male 23 
Female 8 

Out-of-state Yes 5 
No 26 

Age Less than 26 5 
26-40 15 
41-55 4 
More than 55 7 

Exit use Once week 8 
Once month 7 
Once year 2 
Seldom or never 14 

Trip type Commuting 2 
Shopping 5 
Business 19 
Recreation 5 

Trip over 50 miles Yes 8 
No 23 

Map use Yes 3 
5 No 

Did you know it was Yes, all along 10 

exit you wanted Yes, last minute 2 
Not sure 17 
No 0 

Signs clear to you Yes 12 
Roughly 9 
No 7 

Adequate advance Yes 12 

information Barely 2 
No 11 

Able to distinguish Yes 24 

location Roughly 2 
No 1 

Markings adequate Yes 24 
Roughly 
No 1 

TABLE B-4 

"AFTER" ERRATIC MANEUVER DATA, SITE 1 

- Egitieg Vehicles Through Vehicles - 
I 

. 	. 	i 
0 	.0 *40 	44000  

I 	I 
CC) 	O0101014) 540 C)010105401 

5 5 - 
4 0 1 0 0 	1 1 7 52 4f 5472 2978 2494 0.95 0.24 1.90 . 38 4 0 	0 0 	2 0 	1 45 

0 0 0 0 0 	0 0 0 12 2 1545 864 681 0.78 0.00 1.76  
10 1 0 	0 0 	1 0 	0 12 

41 5 2 0 0 1 	1 1 10 51 5 6606 3657 2949 0.77 0.27 1.39 . 
n 

29 5 4 	0 0 	2 1 	0 

1 2 1 0 0 	1 0 5 20 2 1860 1098 762 1.08 0.46 1.97 
11 4 0 	0 0 	0 0 	0 15 

01 

0 0 0 	0 1 3 25 2 3060 1596 1464 0.82 0.19 1.50 
21 0 1 	0 0 	0 0 	0 22 2 0 

010 

3 25 160 16 18543 10193 8350 0,86 0.25 1.62 
Totol 109 14 5 	0 0 	5 1 	1 135 12 4 2 0 1 	3 

11 2 1 0 1 	2 3 20 128 12 15138 8231 6907 0.85 0,24 1.56 
Day 88 9 5 	0 0 	4 1 	1 108 
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(a) Sign structure 1. 

(c) Sign structure 3. 

Figure 11-6. After sin sequence, Site I. 

(b) Sign structure 2. 
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in through erratic maneuvers and of 26 percent in exiting 
mistakes. 

The percentages of the total vehicles that made the vari-
ous types of erratic maneuvers are shown in Figure B-7. 
both "before" and 'aftcr." Exiting EM rates felt from 
0.82 to 0.73 percent, but the greater reduction is evident 
in the through percentages (0.34 to 0.13 percent). 

Evaluation and Recommendations 

The interviews indicated that the major cause of difficulty 
at Site I was the use of inappropriate destinations on sign 
legends. Changing the message to read DERRY ST. instead 
of SWATARA, as required by several drivers, appears to have 
been successful in improving the operations. The change 

accounts primarily for the reduction in exiting EM rates, 
but also may have contributed to the through rate decrease. 

Reniovij of the small post-mounted US 322 WEST  

sign was probably the major reason for the reduction in 
through erratic maneuvers. Without this sign, no informa-
tion is given that could falsely encourage the motorist to 
use the exit. The geometric design of the site is not such 
that drivers would wander into the deceleration lane with-
out the intention of exiting. Therefore, many of the false-
exit-type of erratic maneuvers have been alleviated. 

Based on the study and results at Site 1, it is recoin-
mended that a considerable effort be made to ensure that 
the destinations on the sign legends are those that are most 
significant to the niotorists passing through the site. 

It is also important that all signing on an Interstate 
highway conform to the standards set forth for such signs. 
This will guarantee consistency in the sign sequence, and 
small nonstandard signs, such as the one that was removed 
in this study, will not be present to confuse drivers. 
Illumination also has proven very beneficial. 
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TABLE B-5 

COMPARISON OF "BEFORE" AND "AFTER" DATA, SITE I 

DÀY NIGHT TOTAL 

ERRATIC 
MANEUVER TYPE BEFORE 	AFTER BEFORE AFTER BEFORE AFTER 

Exit vehicles: 
Gore paint 125 88 14 21 139 109 

Gore area 23 9 2 5 25 14 

Stop in gore 6 5 0 0 6 5 

Backup 0 0 0 0 0 0 

Sudden slow 1 0 1 0 2 0 

Lane change 18 4 2 1 20 5 

Swerve 0 1 0 0 0 1 

Stop on shoulder 5 1 0 0 5 1 

Subtotal 178 108 19 27 197 135 

Through vehicles: 
1 50 12 Gore paint 43 11 7 

5 4 
Gore area 4 2 1 2 

6 2 Stop in gore 6 1 0 1 
0 

Backup 1 0 0 0 1 
1 

Sudden slow ii 1 2 0 13 

Swerve 0 2 0 1 0 3 

Stop on shoulder 5 3 1 0 6 3 

Other 1 0 0 0 1 0 

Subtotal 71 20 11 5 82 25 

Total 249 128 30 32 279 160 

(a) Volumes 

Total 21150 15138 2730 3405 23880 18543 

Through 13032 8231 1812 1962 14844 10193 

Exit 8118 6907 918 1443 9036 8350 

(b) EM Rates  

Total EM 1.18 0.85 1.10 0.94 1.17 0.86 

Total Vol. (>95) (NS) (>95) 

Through EM 0.54 0.24 0.61 0.25 0.55 0.25 

Through Vol. (>95) (80) (>95) 

Exit EM 2.19 1.56 2.07 1.87 2.18 1.62 

Exit Vol. (>95) (NS) (>95) 

(NS) = not sjgntuicant at 50% level of confidence. 
(95) = significant at level of confidence indicated in parentheses 

CASE STUDY 2—EISENHOWER INTERCHANGE, US 322W 

Site Description 

Site 2 is part of the Eisenhower Interchange, a large, com-
plex directional interchange located several miles southeast 
of Harrisburg, Pa. (Fig. B-i). US 322 extends from east 
to west and competes with the Pennsylvania Turnpike by 
carrying people from the Lancaster area to Harrisburg. The 
motorist has several options when he reaches the site: 
(1) continue straight on US 322 and onto I-83S; (2) exit 
right to I-83N, which leads to I-81N; or (3) exit left onto 
I-283S, which connects with the Turnpike. 

Figure B-8 shows the geometric configuration of the test 
site. US 322 is a four-lane divided highway in the vicinity 
of Harrisburg. At the test site, however, only the two lanes 
for westbound traffic are of interest. The right-hand exit to 

I-83N and 1-8 iN has a long, parallel type of deceleration 
lane. The left-hand exit to I-283S also has a full-width 
parallel deceleration lane, but it is not as long. The driver 
passes the gore area of the left-hand exit immediately be-
fore he reaches the gore area of the right-hand exit. The 
geometric layout of the site provides for long-distance 

visibility. 
The signing sequence for the site consisted of three over-

head structures (Fig. B-9). The first is located approxi-

mately 3/4  mile upstream. The sign above the left lane 
indicates that there is a left-hand exit that leads south to 
1-283 and 1-76 (Pennsylvania Turnpike). Above the right 
through lane is a sign that indicates there is an exit that 
takes traffic north to 1-83 and 1-81. (The right sign, over 
an exit ramp, refers to the exit previous to the one being 
studied.) The second structure supports two signs and is 



(a) BEFORE TREATMENT 
	

(b) FTER TREATMENT 
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Figure B-8. Plan view of study site, Site 2. 

"Before" Erratic Maneuver Data 

Figure B-7. "Before" and "after" erratic maneuver coin-
parison, Site 1. 

located ¼ mile from the exits. The legends are the same 
as those on the signs on the first structure, with the addition 
of downward-pointing arrows indicating in which lane the 
traffic should be to execute the proper exiting maneuver. 
The third structure is located immediately before the gore 
areas. The signs above the deceleration lanes have the same 
messages as the previous signs and display upward-sloping 
arrows that indicate the direction of the exiting roadways. 
Positioned above the two through lanes, the middle sign 
indicates I-83S and Harrisburg, but specifies no lanes. No 
information was given on any of the signs concerning the 
continuation of US 322. There were no signs in either gore 
area. 

The delineation consisted of painted diagonal gore mark-
ings and only a few delineators throughout the gore area. 
Located in the right gore area is an impact-attenuating 
device. The entire test area was not illuminated until mid-
summer, subsequent to the "before" data collection. 

"Before" erratic maneuver data were recorded on May 20, 
21, and 22, 1971 (Thursday, Friday, and Saturday). A 
total of 121/2 hr of daylight and 41/4 hr of night operations 
were observed and recorded. Table B-6 gives EM rates of 
the left-hand exit to I-283S. It is apparent that the exiting 
motorists had much more difficulty than the through driv-
ers-the through EM rate being almost negligible. At night 
the EM rate (0.50 percent) was approximately twice as 
great as that during daylight (0.23 percent), indicating that 
important geometric cues are not available because of 
limited site visibility during hours of darkness. 

Table B-7 gives EM rates for the right-hand exit to I-83N 
and I-81N. The same trends were apparent at this exit. 
The exiting EM rate (1.27 percent) was approximately four 
times as great as the through rate (0.29 percent), and the 
night rate (0.69 percent) was significantly higher than the 
day rate (0.48 percent). 

Driver Interviews 

Because of the high-speed design of both ramps and the 
through route, it would have been extremely difficult and 
dangerous to conduct driver interviews at this site. There- 

TABLE B-6 

"BEFORE" ERRATIC MANEUVER DATA, LEFT RAMP, SITE 2 

hVehic1e6 

1 1 

5 1 	0 0 0 	4 0 	0 10 0 0 	1 1 	0 0 0 2 12 5 3534 3291 243 .34 .06 4.].]. 

0 2 	0 0 0 	0 0 	0 2 0 0 	0 0 	0 0 0 0 2 2 738 666 72 .27 0.0 2.78 

6 0 	0 0 0 	2 0 	0 8 0 0 	0 0 	0 0 0 0 8 4 3990 3666 324 .200.0 2.47 

4 3 	0 0 0 	0 0 	0 7 0 0 	0 0 	0 0 0 0 7 2 1056 936 120 .66 0.0 5.93 

0 0 	1 0 0 	0 1 	0 2 0 01 0 0 	0 0 0 0 2 3 1818 1728 90 .11 0.0 2.22 

T,a1 15 6 	1 0 06 0 29 0 01 1 	0 0 I 7 31 1643 ah36 10287 840 .28 .02 3.42 
Day 11 1 	1 0 0 	6 1 	0 	1 201 0 0' 	'l0 0 0 2 22 1a 9342 8681 657 .23 .02 30.. 

Dark! 5 	0 0 0 	0 0 	0 0 0 	0 0 	0 0 I 0 4 1)9a .rC? 192 .50 0.0 .60 
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(a) Sign structure 1. 

(c) Sign structure 3. 

Figure 13-9. 'Before' .'igil sequence. Site 2. 

fore, evaluation of the "before" conditions is based entirely 

on the erratic maneuver data. 

Recommended Remedial Devices 

The data revealed that many drivers going north on 1-83 
and 1-81 committed erratic maneuvers, which indicated that 
the legend on the signs for the exit might be confusing. The 
message was crowded at the tops of the signs and was diffi-
cult to read. Although no interview data are available to 
support this premise, it is believed that motorists were read-

ing the message as "NORTH TO 1-81. 1-83," rather than 

NORTH 1-83 to 1-81 ." Therefore, it was recommended that 
the message be rearranged to facilitate reading. This change 

was implemented on all through sign structures (Fig. B- 10). 

It was also recommended that the EXIT tEFT message be 

continued throughout the sign sequence to alleviate exiting 
erratic maneuvers at the left exit. Because they are not 

(b) Sign structure 2. 

common, left-hand ramps are often confusing. and, there-
fore, require as much advance warning as possible. It was 

also suggested that US 322 WEST be included on the center 

sign of the third overhead structure to aid those motorists 
who wish to continue on that route. Downward-puiiitiug 
arrows were to be included with this message to indicate 
that either of the two center lanes could be used for the 
routings designated by the center sign. However, because 
of sign size restrictions, none of these recommendations 

was implemented. 
To improve the exit visibility, particularly at night, sev-

eral changes were recommended and implemented. l'ost-
mounted signs for each exit were placed in the gores 
(Fig. B-b). Double amber delineators were used in the 
gore of the left-hand exit. but the design of the right-hand 
gore did not allow use of delincators. in addition, the 

entire interchange was illuminated for the "after" study. 

"After" Frratic Maneuver Data 

"After" erratic maneuver data were collected on October 
28. 29. and 30, 1971. Days and hours were the same as in 

the "before" data collection. 
Table 13-8 gives erratic maneuver data for the left exit. 

As in the "before" study, the through EM rate is very low 
(0.01 percent). whereas the exiting rate is still considerably 

greater (2.57 percent). On the other hand, the day EM 

rate (0.21 percent) is higher than the night rate (0.06 per- 

cent). 
Table B-9. which gives "after" data for the exit to 1-83N 

and I-SiN, indicates that a higher percentage of exiting 
motorists are committing erratic maneuvers than are motor-
ists who continue through (1.00 percent, as compared to 
0.21 percent). However, at this exit the night EM rate 

(0.48 percent) is higher than the day rate (0.38 percent). 

Comparison of "Before" and "After" Data 

Tables B- I 0 and B-Il allow comparison of 'before" and 
"after" data for the left and right exits, respectively. These 
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TABLE B-7 

"BEFORE" ERRATIC MANEUVER DATA, RIGHT RAMP, SITE 2 
Exitjn 	Vehicles Through Vehicles  

j. 	.j 

o 

i=o  3 0 0 0 1 	1 0 	0 5 6 0 2 	0 0 4 0 12 17 5 3291 2553 738 .52 .47 .68 

3 2 0 0 0 	1 0 	0 6 0 0 0 	0 0 0 0 0 6 21  666 441 225 .90 0.00 2.67 

. 5 2 0 0 0 	0 0 	0 7 1 0 2 	0 0 4 0 7 14 4f  3666 2832 834 .38 .25 .84 
r. 110 00 1 0 	0 31010000 2 5 2 936 636 300 .53 .311.0 

6110 o0 01 90110000 211 3 17281470 258 .64 .14 3.49 

Totol 18 6 1 0 1 	3 0 	1 30 8 1 6 	0 0 8 0 23 53 164A 10287 7932 2355 .51 .29 1.27 
Dcy 14 3 1 0 1 	2 0 	0 21 1 5 	0 0 8 0 21 42 12f 8685 6855 1830 .s8 .31 .15 

Dark 43 000 2 0 	0 9 1 L 01 0  0 2 11 4f 1602 1077 525 .69 .19 1.71 

TABLE B-8 

"AFTER" ERRATIC MANEUVER DATA, LEFT RAMP, SITE 2 
- Exiting Vehicles Through Vehicles 

6' o • 0 	 - 
2 

.so 
o %o 0 

.00 	 5. > 	O 
g. 
.. .10 

' 9 2 0 0 0 	0 0 0 11 0 0 0 0 0 0 0 0 11 5 4003 3730 273 .27 0 4.02 

00000000 0000000000 21  828 775 53 0 0 0 

.1 200001003000000003 
1 4i3975365l 324 .07 0 .92 

O 

a 
0 0 0 0 0 	0 0 0 0 0 0 1 0 0 0 0 1 1 2 957 879 78 .10 .11 0 

I I 3 0 1 1 0 	1 0 1 7 0 0 0 0 0 0 0 0 7 3 2001 1911 90 .30 0 7.78 

ot0114211020121 0010000 1 2216176410946 818 .19 .012.57 
Dey 14 2 ,l ij 0 	2 0 1 21 0 0 0 0 0 0 0 0 21 12f 9979 9292 687 .21 0 3.06 

data include the number of erratic maneuvers, the volumes, 
and the EM rates. 

Volumes were generally higher in the "after" study in 
all situations except for exiting vehicles during the night. 
For some undetermined reason, this volume decreased by 
32 percent at the left exit and 34 percent at the right exit. 

The number of erratic maneuvers decreased throughout 
the site, but the left exit had the greater decrease (29 per-
cent); the number at the right exit was reduced by 19 per-
cent. 

However, the EM rates are the most valuable measure-
ments by which to judge the effectiveness of the treatments. 
It appears at first that the greatest reduction in rates oc-
curred during the night (0.50 to 0.06 percent at the left 
exit, and 0.69 to 0.48 percent at the right), but the statisti-
cal test showed that only the reduction at the left ramp was 
significant. The only daytime reduction that was significant 

at a level of confidence greater than 50 percent occurred at 
the right ramp. Although the exit to 1-283 showed the 
greatest reduction at night, it experienced no significant 
reductions during the day. Both exits showed total reduc-
tions significant at the 80 percent confidence level, and the 
exiting reductions seemed slightly greater than the through 
rate reductions. 

Figure B-il shows another approach to analyzing the 
erratic maneuvers. The numbers at the ends of the arrows 
represent the percentage of drivers, of all drivers who ap-
proach the test site, who execute the type of erratic ma-
neuver designated by that arrow. The figures show that all 
four basic types of maneuvers were reduced. The over-all 

success of the treatments is indicated by the fact that the 
total percentage of drivers making erratic maneuvers was 
reduced from 0.75 to 0.55 percent. 
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(a) Sign structure 1. (b) Sign structure 2. 

47 

Sou THTO B 1H 	 SOuTH.. :10d 

TO 

Mi 	
Swatara 	 £ XIT LEFT 	/4 MI 

(c) Sign structure 3. 
	 (d) Sign structure 4. 

(e) Sign structure 5. 

Figure 13-10. After" sign sequence. Site 2. 

Evaluation and Recommendations 

The treatment that seems to have been the most helpful was 
the illumination of the test site. Other studies have sug-
gested that illumination improves traffic operations, and the 
results at this site tend to reinforce this belief. The gore 
area delineation at the left-hand exit may also have con-
tributed to the great reduction in erratic maneuvers at that 
site during hours of darkness. 

The nearly negligible reduction in the daytime EM rate 
at the left exit was not unexpected, because no major "day-
time" changes relative to that exit were implemented. The 
only sign change was the addition of the small gore sign, 
which was not expected to have a major effect on the traffic. 
It appears, however, that the continuation of EXIT LEFT 

signs would still be helpful to the motorists. 
It appears that the change in the arrangement of the 

legend on the 1-83N sign was beneficial. The EM rates at 
the right exit decreased, and the legend change was the only 
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TABLE B-9 

"AFTER" ERRATIC MANEUVER DATA, RIGHT RAMP, SITE 2 

- Exiting Vehicles 	- 	 Through Vehicles 

10 

II 

o 

7 	0 	0 	0 	2 	2 	0 	1 	12 	2 	2 	1 	0- 1 	0 	2 	2 	10 	22 	5 	3730 	2841 	889 	.58 	.35 	1.34 

1 	2 	0 	0 	0 	0 	0 	0 	3 	1 	0 	0 	0 	0 	0 	0 	1 	2 	5 	21 	775 	629 	146 	.64 	.31 	2.05 

1 	1 	1 	0 	0 	0 	0 	L 	4 	2 	0 	1 	0 	0 	0- 0 	0 	3 	7 	4f 	3651 	2850 	801 	.19 	.10 	.499 

20000001 	300000000032 	879 	680 	199.34 	0 	1.50 

(no 	 - 
' 	1 	0 	0 	0 	0 	1 	0 	1 	3 	2 	0 	0 	0 	0 	0 	0 	1 	3 	6 	3 	1911 	1461 	450 	.31 	.20 	.67 

Total 12 	3 	1 	0 	2 	3 	0 	4 	25 	7 	2 	2 	0 	1 	0 	2 	4 	18 	43 	16~A 10946 	8461 	2485 	.39 	.21 	1.00 
Day 	9 	1 	1 	0 	2 	3 	0 	3 	19 	6 	2 	2 	0 	1 	0 	2 	3 	16 	35 	12± 	9292 	7152 	2140 	.38 	.22 	.89 

Dark 	3 	2 	0 	0 	0 	0 	0 	1 	6 	1 	0 	0 	0 	0 	0 	0 	1 	2 	8 	4 	1654 	1309 	345 	.48 	.15 	1.74 

TABLE B-b 

COMPARISON OF "BEFORE" AND "AFTER" DATA, LEFT RAMP, SITE 2 

ERRATIC 
DAY NIGHT TOTAL 

MANEUVER TYPE BEFORE AFTER BEFORE AFTER BEFORE AFTER 

Exit Vehicles: 
Gorepaint 11 14 4 0 15 14 
Gorearea 1 2 5 0 6 2 
Stop in gore 1 1 0 0 1 1 
Backup 0 1 0 0 0 
Sudden slow 0 0 0 0 0 0 
Lane change 6 2 0 0 6 2 
Swerve 1 0 0 0 1 0 
Stop on shoulder 0 1 0 0 0 1 

Subtotal 20 21 9 0 29 21 

Through vehicles: 
Gorepaint 0 0 0 0 0 0 
Gorearea 0 0 0 0 0 0 
Stop in gore 1 0 0 1 1 1 
Backup 1 0 0 0 1 0 
Sudden slow 0 0 0 0 0 0 
Swerve 0 0 0 0 0 0 
Stop on shoulder 0 0 0 0 0 0 

Subtotal 2 0 0 1 2 1 

Total 22 21 9 1 31 22 

(a) Volumes 

Total 9342 9979 1794 1785 11136 11764 
Through 8685 9292 1602 1654 10287 10946 
Exit 657 687 192 131 840 818 

(b) EM Rates (%) 

Total EM 0.23 0.21 0.51 0.06 0.28 0.19 
Total Vol. (NS) (>95) (80) 
Through EM 0.02 0.00 0.00 0.06 0.02 0.01 
Through Vol. (NS) (NS) (NS) 
Exit EM 3.04 3.06 4.69 0.00 3.42 2.57 
Exit Vol. (NS) (>95) (65) 

(NS) = not significant at 50% level of confidence. 
(95) = significant at level of confidence indicated in parentheses 
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major recommendation that was implemented to improve 

this site. If the US 322 WEST legend had been added, the 

rates probably would have decreased more significantly. 

Duwuwardpointing arrows on the Harrisburg sign on the 
last sign structure also may have been beneficial, because 
many drivers rely on such arrows to designate which lane 

to use for a specific routing. 
Based on the findings of the Site 2 study, the following 

recommendations are made: 

Major interchanges should be illuminated to enhance 
nighttime visibility. The reduction of erratic maneuvers at 
this site, as well as favorable results reported in other stud-
ies, indicate that illumination at interchanges can enhance 

safety and traffic operations. 
To avoid misinterpretation and confusion, care should 

be taken in the ordering of the sign legend. On two over- 

I-83N al- BIN 

0.21 % 

TOTAL E.M.=65 
TOTAL RATE=aI 

TOTAL E.M.= 84 
TOTAL RATE0.75% 

JU 

(a) BEFORE TREATMENT 	 (b) AFTER TREATMENT 

Figure B-lI. 'Before" and "after" erratic maneuver compari-
son, Site 2. 

TABLE B-il 
COMPARISON OF "BEFORE" AND "AFTER" DATA, RIGHT RAMP, SITE 2 

DAY NIGHT TOTAL 

ERRATIC 
MANEUVER TYPE BEFORE AFTER BEFORE AFTER BEFORE AFTER 

Exit vehicles: 
4 3 18 12 

Gore paint 14 9 
3 2 6 3 

Gorearea 3 1 
0 0 1 

Stop in gore 1 1 
0 0 0 0 

Backup 0 0 
0 0 1 2 

Sudden slow 1 2 
0 3 3 

Lane change 2 3 2 
0 0 0 

Swerve 0 0 0 
1 1 4 

Stop on shoulder 0 3 0 

Subtotal 21 21 9 6 30 25 

Through vehicles: 
1 8 7 

Gorepaint 7 6 1 
0 0 1 2 

Gorearea 1 2 
1 0 6 2 

Stop in gore 5 2 
0 0 0 0 

Backup 0 0 
0 0 0 

Sudden slow 0 1 
0 8 0 

Swerve 8 0 
2 

0 
0 0 0 2 

Stop on shoulder 0 
1 0 4 

Other 0 3 0 

Subtotal 21 16 2 2 23 18 

Total 42 35 ii 8 53 43 

(a) Volumes 
-- 

Total 8685 9292 1602 1654 10287 10946 

Through 6855 7152 1077 1309 7932 8461 

Exit 1830 2140 525 345 2355 2485 

(b) EM Rates (%) 

Total EM 0.48 0.38 0.69 0.48 0.51 0.39 

Total Vol. (70) (NS) (80) 

Through EM 0.31 0.22 0.19 0.15 0.29 0.21 

Through Vol. (NS) (NS) (60) 

Exit EM 1.15 0.89 1.71 1.74 1.27 1.00 

E xit Vol. (NS) (NS) (55)  

(NS) = not significant at 50% level of confidence. 
(95) = significant at level of confidence indicated in parentheses 
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head signs at this site the legend NORTH TO

83 
81 could have been 

interpreted as "North to 83 and 81," rather than as "83 
North to 81." 

In addition to destination messages, directional guid-
ance should be provided on signs. This could be in the 
form of downward arrows for lane identification, STRAIGHT 
AHEAD message, or some other appropriate message. 

Although relevant data are not available in this Site 2 
study, it is believed that each of the alternative routes 
should be clearly signed—including the through route, even 
when straight ahead. In this interchange, US 322 was not 
so identified, and this lack of information apparently 
contributed to several of the erratic maneuvers observed. 

CASE STUDY 3—EISENHOWER INTERCHANGE, 
1-283 TO 1-83 AND US 322 

Site Description 

Site 3 is located east of Harrisburg, Pa., at the Eisenhower 
Interchange, which connects 1-283 with 1-83 and US 322 
(Fig. B-I). Designed as a directional-type interchange, 
there is a left-hand exit leading to I-83S and US 322W and 
a right lane-drop exit to US 322E and Hershey (Fig. B-12). 
With 1-283 terminating, one lane continues straight, con- 
necting with I-83N. 1-283 is a four-lane divided freeway 
connecting the Pennsylvania Turnpike (1-76) with 1-83. 

The signing sequence for the "before" condition is shown 
in Figures B-13 and B-14. The first advance guide sign 
(Sign 1) advises the motorist that the junction for 1-83 and 
US 322 is 11/2  miles away. (Although not shown, the 
legend included LEWISTOWN and HARRISBURG.) The first 
signing that indicates the proper lane assignment is located 
on an overhead gore sign structure (Sign 2) at the previous 
exit. Those motorists who desire I-83S and Harrisburg are 
assigned to the left lane; those wanting I-83N, US 322, and 
Lewistown are told to stay in right lane. (A sign farther 
downstream directed US 322W traffic to the left ramp in 
the same direction as 1-83S.) Another post-mounted ad-
vance exit sign (Sign 3) is located 3/4 mile from the inter-
change, and advises motorists of the exit for US 322 East 
and Hershey. The fourth sign, also placed off the shoulder, 
gives left-lane-exiting information for 1-83 South and Har-
risburg. (The US 322 WEsT legend was not on the sign 
when the "before" data were collected.) No mention is 
made of US 322 West, which also exits left. Sign 5, another 

overhead directional sign (Fig. B-14), is located approxi-
mately ¼ mile from the interchange. Again, motorists are 
assigned, by downward arrows, to the left lane for 1-83 
South and Harrisburg; the right lane is for traffic to 1-83 
North, to 1-81, and to US 322 (both directions). At this 
point motorists cannot see the exit ramps they are 
approaching. 

The sixth sign is located in the median, 1,000 ft from 
the first gore. Directly opposite this sign and located on the 
shoulder is a post-mounted route marker sign indicating 
that US 322 turns left. At the left exit gore area an over-
head sign (Sign 7) gives directional information as follows: 
(1) 1-83 South and Harrisburg to the left exit; (2) 1-83 
North to 1-81 traffic is directed to change lanes from the 
right lane to the left lane; and (3) traffic exiting to US 322 
East and Hershey are assigned to the right lane. Located 
at the base of the overhead sign is a small post-mounted 
route marker sign for US 322 West, with a left-turn arrow. 
The last overhead sign (Sign 8) directs traffic to the right 
exit for US 322 East and Hershey and straight through for 
1-83 North to 1-81. Post-mounted signs were located in the 
left and right gore areas, with HARRISBURG and HERSHEY 
legends, respectively. 

Delineation of the area consisted of diagonal markings 
in the left- and right-exit neutral areas. Post delineators 
had not yet been installed at the interchange. Although 
lighting had been installed, the luminaires had not been 
activated during the "before" study. 

"Before" Erratic Maneuver Data 

Erratic maneuver data for the "before" condition were col-
lected on May 20, 21, and 22, 1971; Thursday, Friday, and 
Saturday. Tables B-12 and B-13 summarize the data for 
the left and right exit ramps, respectively. 

EM rates at the left-hand exit were exceedingly high 
(Table B-12). During the 161/2 -hr observation period, 417 
erratic movements were observed (5.15 percent). The ma-
jority of the erratic maneuvers were made by vehicles exit-
ing, for an average rate of more than 9 percent during the 
three-day period. For both exiting and through vehicles the 
night EM rate was higher than the day rate. As previously 
stated, during the "before" study there was no illumination 
of the interchange. 

Although most of the erratic maneuvers involved ve-
hicles encroaching on the gore paint markings or the gore 

I-83S a US 322W 
HARRISBURG 

I-83N 

US 322E 	HERSHEY
1-283 

 

Figure B-12. Plan view, Site 3. 
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ffrEus 322 1 WXIT  V4 rp* 441 

(a) Sign structure 1. 
	 (b) Sign structure 2. 

'C 	

ITIIT',' 
(c) Sign structure 3. 

Figure B-13. "Before' sign sequence, Site 3 

(d) Sign structure 4. 

TABLE B-12 

"BEFORE" ERRATIC MANEUVER DATA, LEFT RAMP. SITE 3 

- Exitthg V.hicloa Through Vah1c1e - 
. . 

o 

C, COO ni.. CO C. H 2 2 2 

C, 
'105 6 	S 0 0 0 	0 2 118 8 1 S 0 8 	0 0 1 23141 5 2768 1463 1325 5.09 1.59 8.91 

. 13 0 	0 0 0 0 	0 0 13 0 0 1 0 3 	0 0 0 6 17 2 527 286 241 3.23 1.40 5.39 

5514 3 0 0 0 	0 2 7. 6 3 9 1. 7 	0 2 0 28102 4 2896 1691 1205 3.52 1.66 6.14 

39 4 	2 0 0 0 	0 2 47 1 1 1 2 7 	0 1 1 14 61 2 714 436 278 8.54 3.21 56.91 

, 59 6 	5 1 0 0 	0 2 73 5 1 5 0 8 	0 0 1 23 96 3 1198 707 491 8.05 3.25 14.87 

Tea1 271 30 15 1 0 0 	0 8 J25 20 9 21. 3 33 	0 3 3 92 417 16f 8103 4563 3540 5.15 2.02 9.18 

boy Z19 26 13 1. 0 S 	0 6 26. 19 8 19 1 23 	0 2 2 74 339 1 121, 6862 3841 3021 4.94 1.93 8.77 

Dork 52 C. 	2 0 1  0 1  0 	0 2 60 1 1 	1 2 2 0 	0 1 1 18 781 4 1241 722 519 6.28 2.49 11.56 
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EXIT 28
322 EAST
ehey 3 

(d) Sign structure 8. 
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ow 11 	--v'----- 
(a) Sign structure 5. 

::-'-'- 

(b) Sign structure 6. 

WW 

EXIT 28 
322 EAST 

Hershey 

(c) Sign structure 7. 

Figure B- /4. 'Before" .si',, sequence (continue(1). Site 3. 

area, a large number (36) of drivers stopped in the gore 
area. Many of these had stopped to check their maps. 

The volumes for this site are relatively low. During the 
day, the average hourly volume was about 300 vehicles for 
through traffic, and about 240 vehicles for exiting traffic. 
At iiight the volumes decreased to ISO vph for through and 
130 vph for exiting traffic. 

Fable B-I 3 gives FM data for the second, or right-hand 
exit. The FM rate at this gore area is considerably lower 
than at the left exit. The total EM rate, combining both 
day and night, was 2.39 percent. As typical for a lane drop 
exit, the through EM rate is higher than the exiting rate—
at this site it was nearly double. Although only 11 erratic 
maneuvers were observed for exiting vehicles, the rate was 
nearly 1.4() percent because of the low exiting volume. The 
FM rate at night was almost identical to the day rate. 

Driver Interviews 

Driver interviews were conducted at two diflerent time pe-
riods: ( I ) on Friday and Saturday. J tine 25 and 26. 1971: 
and (2) on weekdays in September after sonic minor sign 
changes had been made. Motorists who had made exiting 

and through erratic maneuvers at the first, or left-hand gore 
area, were interviewed. 

Fables B- 14 and B-I 5 give responses for exiting and 
through vehicles, respectively. The remarks of those who 
exited and made an erratic maneuver were varied. In sev-
eral cases the motorist was "just confused about his direc-
tion." Drivers found it difficult to relate their intended 
destination to the destination and routes indicated on the 
sign legend. Three motorists specifically mentioned that the 
US 322 signing contributed to their erratic maneuver. Other 
comments made were: "ramp came up too fast," "in-
attentive." and "confused by curved ramp on left side." 

The remarks made by motorists continuing through (Ta-
ble B-IS) were also varied. However, several indicated 
they were confused in one way or another by the sign 
messages. Again, they could not identify their destinations 
with the messages on the signs. One interesting comment 
was: "At complex interchanges the signs are distracting 
for exits you dont want: [therefore, you] get confused about 
the main route." Apparently when several destinations are 
presented in sign legends, it becomes much more difficult 
to identify the proper direction. 
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TABLE B-13 

"BEFORE" ERRATIC MANEUVER DATA, RIGHT RAMP, SITE 3 

Exiting Vehicl.en 

(400 	"4 	 fl 

ThroEh Vehicles 

o  

- 
(4 

o 
0 

0 
as, 

. 
OCO .-I 04 

o 

o 

Id 2 	0 1 	0 0 0 0 0 3 30 0 0 	0 0 0 0 30 33 5 1445 1187 256 2.29 2.53 1.17 

(00 

0 	0 0 	0 0 0 0 0 1 1 0 0 	0 1 0 0 2 3 2 286 231 55 1.05 .87 1.82 

0 

0 	0 1 	1 0 0 0 0 2 26 1 2 	0 0 0 0 29 31 41 1691 1425 266 1.83 2.03 .75 

° 2 	0 0 	0 0 0 0 0 2 9 0 0 	1 2 0 0 12 14 2 436 349 87 3.21 3.44 2.30 

04 

1 	0 1 	0 0 1 0 0 3 23 0 2 	0 0 0 0 25 28 3 707 581 126 3.96 4.30 2.38 

040 

Total 5 	0 3 	1 1 1 0 0 U 89 1 4 	1 3 0 0 98 109 161 4563 3773 790 2.39 2.60 1,39 

Say 5 	0 3 	1 0 1 0 0 8 79 1 4 	0 0 0 0 84 92 121 3841 3195 648 2.39 2,63 1.23 

Dark2!2j,0 0 	°± 
00 10 1 	3 10 01 .EI± 3 0 0 

-
14 17 
 

4 1 	722 580 142 2.55 2.41 2,11 

Tables B-16 and B-I 7 provide additional insight into the 
causes of erratic maneuvers at this location. The summary 
of the exiting motorists' responses (Table B-16) shows that 
although only two were out-of-state drivers, nearly all had 
used this exit no more than once a year. Most of the trips 
were for either business or recreation, and the majority 

were more than 50 miles in length. Surprisingly, of the 

22 who were traveling more than 50 miles, only 8 had used 
a map in planning their trips. Many of those interviewed 
indicated that they were not sure it was the exit they 
wanted, or realized it "at the last minute." Only 50 per-

cent of those interviewed thought the signs were clear to 

them. 
Table B-17 indicates similar trends for through motorists. 

Again, only two motorists were out-of-state, but most of 
those interviewed had seldom used this route. Eight of the 
14 questioned were traveling more than 50 miles, and 3 of 

those had not consulted a map; 11 were not really sure that 
the left-lane exit was the exit they wanted; and 9 indicated 
they had difficulty with knowing where to go. Many of the 
interviewees thought the signs were not clear, or at least 
they did not understand the sign messages. 

Recommended Remedial Devices 

Because the approach to this leg of the Eisenhower Inter-
change is on a curve to the right, visibility of the exits is 
limited, especially for the left ramp. Many drivers do not 
appear to be ready for the exit to the left, even though 
several signs indicate that drivers should exit left for 1-83 
South and Harrisburg. 

Most of the erratic maneuvers for the second or right-
hand gore occur because motorists who desire 1-83 North 
are not in the proper lane (left lane). Although the next-
to-last overhead sign (Sign 7, Fig. B-14) indicates that 
drivers who want 1-83 North should move into the left lane, 
many motorists do not see or heed the message. Also, the 
overhead exit sign does not adequately indicate that it is a 

lane drop.  

Many of the erratic maneuvers could be reduced if 
motorists had advance information of the layout they will 
encounter as they approach the interchange. The main 
problem lies with the insufficient visibility. A diagrammatic 
sign could provide the necessary advance information; its 
main advantage is that it gives the motorist a "picture" of 
the exit area so that he can better plan his proper route. 
A diagrammatic sign was designed and submitted for ap-
proval, but installation for this project was not feasible. 

The specific recommendations made for Site 3 (after the 
diagrammatic sign could not be obtained) were as follows: 

Signing 

1. HERSHEY should replace LEWISTOWN on the first two 

advance signs (Fig. B-b). LEWISTOWN was removed be-

cause it was not consistently carried through in subsequent 
signs. 

The routing for US 322 is inconsistent and confusing 

throughout the sign sequence. US 322 East is obtained by 
exiting right; US 322 West traffic should exit left. However, 
on two overhead signs (Fig. B-13, Sign 2, and Fig. B-14, 

Sign 5) traffic for both west and east US 322 is assigned to 
the right lane. Only a small route marker is used near the 
left exit to give the proper direction for US 322 West. To 
remedy this situation it was recommended that US 322 

wEST be added to the left exit directional signing and 

US 322 EAST be used on the right exit directional signing. 
However, owing to the size limitations on the overhead 

signs, the US 322 WEST message could not be added. 
Because the right lane is an exit lane drop, it was 

recommended that a yellow EXIT ONLY tab be placed on the 

overhead sign prior to the gore. 
Although no one specifically mentioned the problem, 

it was believed that motorists were interpreting the message 

on Signs 5 and 7 (Fig. B-14) as "NORTH TO 1-83 and 1-81," 

rather than the intended message of 1-83 NORTH TO 1-81." 



54 

TABLE B-14 

DRIVER INTERVIEW RESPONSES, EXITING VEHICLES, SITE 3 

Exit Trip Over Map Know it Sigos Advance guish Markings 	N.M. No. Sex State Age Use Type 50 xi. Use was Exit? Clear? Warning? Location? Clear? Type Remarka 
1 M Pa. ,55 Yearly Business Yes No Yes Yes Yes Yes Yes Cross Gore Just confused. 

Area 
2 N Pa. 26-40 Seldom Business Yes No Yes, last Yes Yes Yes Yes Cross Gore Noticed the proper route 

minute Area at last minute. 	Thought 
the curved ramp was confus- 
ing. 

3 M Pa. <26 Seldom Recreation Yes Yes Not Sure No Barely Yes Yes Back-up Just wasn't sure of direc- 
tion. 	Had not checked map 
adequately. 

4 P Pa. >55 Yearly Recreation Yes No Not Sure No No Yes Yes Stop in Was confused when she saw 
Gore sign for US 322E, so turned 

off to the left ramp. 
5 M Pa. 41-55 Seldom Recreation Yes No Yes, last No Yes Yes Yes Cross Gore Knew he could get to Harris- 

minute Paint burg either direction but 
changed his mind at last 
minute. 

6 P Pa. 41-55 Seldom Shopping No --- Yes, last Roughly No Yes Yes Cross Gore Last minute decision to 
minute Area exit; got directions from 

a passenger. 
7 M Pa. >55 Seldom Recreation Yes Yes Yes Yes Yes Yes Yes Sudden Slowed down to be sure of 

Slowing direction. 
8 F Pa. 26-40 Yearly Business Yes Yes Yes, last No No Roughly No Swerve Confused by small US 322 

minute sign;wan looking for des- 
tination on big signs. 

9 P Pa. 26-40 Seldom Recreation No --- Not Sure Roughly --- Yes Yes Cross Gore Confused as to which route 
Area to take. 	Didn't realize 

she was on 1-283. 
10 P Pa. 26-40 Seldom Recreation Yes No Yes Roughly Yes Yes Yes Sudden Wasn't clear which direr- 

Slowing tion for downtown Harris- 
burg. 

111 N Pa. --- Seldom Business Yes Yes Yes Yes Yes Yes Yes --- Inattentive -- daydreaming. 
12 P Pa. --- Seldom Business Yes No Yes Yes Yes Yes Yes Sudden Wasn't sure of the route; 

Slowing therefore, took exit ramp 
slowly. 

13 N Ont. --- Seldom Recreation Yes Yes Not Sure Roughly --- --- Not sure of directions; 
became confused when he saw 
that 1-83 went two ways. 

14 M Pa. --- Seldom Business Yes Yes Not Sure No No No Yes --- Wasn't prepared for left- 
turn exit. 	Clearly saw 
sign for US 322E but didn't 
see any sign for 55 322W. 

15 N Pa. --- Seldom Business Yes No Not Sure Yes --- --- Wasn't sure of direction. 
Didn't know whether to go 

- north or south on 1-83. 
16 M Pa. --- Yearly Business Yes --- Not Sure No --- --- No --- Was unsure of direction. 
17 M Pa. --- Seldom Recreation Yes No Not Sure Yes Yes Yes Yes Cross Gore Had directions for US 322W 

Area when he saw sign for US 322 
N he thought that was it. 

18 H Va. Seldom Recreation Yes Yes Yes No Yes Yes Yes No reason stated. 
19 N --- --- --- Recreation Yes No Yes Yes Yes Yes Ramp came up too fast. 

20 M Pa. 	--- Yearly Shopping Yes No Not Sure Yes Yes Yes Yes -- Ramp came up too fast. 
21 N Pa. 	--- Weekly Shopping No --- Yes Yes Yes Yes Yes --- Ramp came up too fast. 
22 M -- 	--- Seldom Business Yes No Yes Yes Yes Yes Yes --- Pound it hard to exit on 

23 N Pa. 	--- Monthly Business Yes Yes Yes Yes Yes Yes Yes Sudden No reason stated. 
Slowing 

24 M Pa. 	--- Seldom Business Yes No Yes Yes Yes Roughly Yes --- No reason stated. 
25 M Pa. 	--- Seldom Business Yes No Not Sure Roughly No Yes No --- Not enough advance warning. 

'Interviews fill through 25 were recorded on tape and all the responses are not known. 

Therefore, it was recommended that the legend be realigned 
to read properly. 

5. The messages on the signs located in the gore area 
should be changed from HARRISBURG to EXIT for the left 
exit, and from HERSHEY to EXIT 28 for the right exit. 
Figures B-15 and B-16 show the revised signing. 

Delineation 

The erratic maneuver data indicate that there is more of 
a problem at night than during the day. The "before" 

observations were made when the markings were not very 
distinguishable and there were no post delineators in the 
interchange area. Although the interchange lighting had 
been installed, it was not activated during the "before" 
study. For the "after" study, the lighting had been turned 
on, some delineators had been installed, and the gore 
markings had been repainted. 

It was recommended (but this recommendation was not 
implemented) that an 8-in.-wide dashed white line be 
painted across the throat of the left exit. It was believed 
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TABLE B-15 

DRIVER INTERVIEW RESPONSES, THROUGH VEHICLES, SITE 3 

identifi- Distin- 
P.outo TrSp Over Map Think it cation Eignx gmioh Markings U.N. 

No. Sex State Age Use Type 50 ml. Use was Exit? Problems? Cleor? Location? Clear Type Remarks 

1 M 111. <26 Seldom Recreation Yes Yes Not Sure Yes No Roughly No Cross Gore Thought gore overhead 
Paint sign was too close 

to exit. 	Also was 
uosure of direction to 
1-78. 

2 M Pa. 26-40 Seldom Business Yes No Not Sure Yes No Roughly No Cross Gore Narrisburg gore sign con- 
Area fused them. 	Wanted to 

follow 1-83N to Harris- 
burg. 

3 N Pa. <26 Yearly Business Yes No Not Sure No Yes Yes Yes Stop in Move signs farther back 
Gore from exit. 	Also wasn't 

sure how to get to US 22W 

4 F Pa. >55 Seldom Business Yes Yes Not Sure Yes No No Roughly Stop in Did not know where she 
Gore was any more; was going 

in opposite direction. 

5 M Pa. 26-40 Seldom Recreation Yes Yes Not Sure Yes Roughly Yes Yes Cross Gore Waoted 5-83W but was con- 
Area fused when he saw sign 

for Hershey and was af rail 
he was going onto that 
ramp. 

6 F Pa. 26-40 Yearly Shopping No --- Not Sure Yes No Yes Yes Cross Gore Just confused. 
Paint 

7 M Ohio >55 Seldom Recreation Yes Yes Not Sure No Roughly Yes Yes --- At complex interchanges 
the signs are distracting 
for emits you don't want; 
get confused for main 

8 M Pa. 26-40 Seldom Business No --- Yes No No Yes No Back-up Confused at last minute 
by paint lines. 

9 M Pa. 26-40 Seldom Business Yes Yes Not Sure Yes Roughly Yes Yes Cross Gore Junt changed his mind at 
Paint last minute. 

10 M Pa. >55 Monthly Business No --- Yes, last Yes No Yes Yes Buck-up Confused about direction. 
minute 

11 M Pa. >55 Seldom Business No --- 	Not Sure Yes No 	Yes Yes 	Stop-on- Received directions for 
Shoulder Onion Deposit (next exit) 

and when he saw 1-81-83 
he was afraid to go that 
way. 

12 M Pa. 41-55 Weekly Business No --- 	Not Sure No --- 	Cross Gore Was going to drop off s. 
Area rider

'
but at last minute 

decided to take him to 
next exit. 

13 N Pa. 26-40 Seldom Recreation Yes No 	Not Sure Yes Roughly 	Yes Yes 	Stop-on- Distracted by children 
Shoulder and lost sight of signs. 

14 M Pa. <26 Seldom Business No --- 	Yes, last No No 	Yes No 	Cross Gore Confused about direction. 
minute Paint Signs did not have loca- 

tion where he was going. 

that a different type of line would highlight the location of 
the deceleration lane and exit area. 

"After" Erratic Maneuver Data 

"After" observations of erratic maneuvers were not con-
ducted until December 2, 3, and 4, two weeks after the sign 
changes had been made. The signs could not be changed 
earlier because of delays encountered in obtaining materials 
and equipment. 

Table B-18 indicates that at the left exit there were 127 
erratic maneuvers in 161/2  hr, for a total rate of 1.73 per-
cent. The majority of erratic maneuvers involved vehicles 
exiting, although there was a substantial number (39) of 
through erratic maneuvers. For through erratic maneuvers, 
the night rate (4.46 percent) was twice the day rate 
(2.20 percent); however, for exiting vehicles the night rate 
(0.77 percent) was lower than the day rate (1.07 percent). 

Table B-19 gives the "after" erratic maneuver data for 
the right gore area. The total rate was 2.36 percent, with 
a fairly even rate split for day and night. Only two of the 
90 erratic maneuvers observed involved vehicles exiting,  

which constituted a total rate of 0.27 percent. Nearly all 
the through erratic maneuvers involved vehicles crossing 
the gore paint. Apparently several vehicles are still remain-
ing in the right lane drop until the last minute. 

Comparison of "Before" and "After" Data 

Table B-20 compares "before" and "after" erratic ma-
neuvers, volumes, and EM rates for the left gore area. 
There was a substantial reduction in the number of erratic 
maneuvers—from 417 to 127. This reduction is also re-
flected in the EM rates, which fell from 5.15 to 1.73 per-
cent. Statistically significant (greater than 95 percent level 
of confidence) reductions occurred in all categories. A 
larger percentage reduction occurred for exiting vehicles 
than through vehicles. Also, the improvement was greater 
during the day than at night. 

Note also that there was nearly a 10 percent reduction 
in the total volumes from the "before" to the "after" study, 
with most of the reduction involving through vehicles. 

Table B-21 gives "before" and "after" comparisons for 
the right ramp. Although there was a reduction in the 
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TABLE B-16 

SUMMARY OF DRIVER INTERVIEW RESPONSES, 
EXITING VEHICLES, SITE 3 

TABLE B-17 

SUMMARY OF DRIVER INTERVIEW RESPONSES, 
THROUGH VEHICLES, SITE 3 

QUESTION RESPONSE NO. QUESTION RESPONSE NO. 

Sex Male 19 Sex Male 12 
Female 6 Female 2 

Out-of-state Yes 2 Out-of-state Yes 2 
No 21 No 12 

Age Less than 26 1 Age Less than 26 3 
26-40 4 26-40 6 
41-55 2 41-55 1 
More than 55 3 More than 55 4 

Exit use Once week 1 Route use Once week 1 
Once month 1 Once month 1 
Once year 5 Once year 2 
Seldom or never 17 Seldom or never 10 

Trip type Commuting 0 Trip type Commuting 0 
Shopping 3 Shopping 1 
Business 12 Business 9 
Recreation 10 Recreation 4 

Trip over 50 miles Yes 22 Trip over 50 miles Yes 8 No 3 No 6 
Map use Yes 8 

No 14 Map use Yes 5 
No 3 

Did you know it was Yes, all along 11 
exit you wanted Yes, last minute 4 Did you know it was Yes, all along 1 

Not sure 10 exit you wanted Yes, last minute 2 
It 	wasn't 0 Not sure 11 

It wasn't 0 
Signs clear to you Yes 12 

Roughly 5 Problems with know- Yes 9 
No 7 ing where to go No 5 

Adequate advance Yes 15 Signs clear to you Yes 1 
warning Barely I Roughly 4 

No 5 No 8 

Able to distinguish Yes 19 Able to distinguish Yes 10 
location of ramp Roughly 2 location of ramp Roughly 2 

No I No 1 
Markings adequate Yes 19 Markings adequate Yes 8 

Roughly 0 Roughly 1 
No 3 No 4 

number of erratic maneuvers for all categories, the changes 
in their rates were not statistically significant in most cases 
because of the lower volumes in the "after" study. For this 
exit location there was a 16 percent reduction in volume 
passing the gore area. 

It was Surprising that the through EM had not decreased. 
(The increased rate for the "after" study has no statistical 
significance.) The main remedial device applied to reduce 
the through erratic maneuvers was the installation of the 
yellow EXIT ONLY tab on the overhead sign. Apparently this 
device had no beneficial effect for through vehicles. The 
exiting EM rate did decrease, but the reduction is probably 
not attributable to the EXIT ONLY tabs. Also discouraging 
was the finding that the night EM rate had not been re-
duced. The two remedial devices—illumination and newer 
gore paint lines—did not affect the rate. 

Figure B-I 7 shows the "before" and "after" data. The  

numbers at the ends of the arrows are the percentage of 
erratic maneuvers to the total volume passing the gore for 
each movement. There was a considerable improvement at 
the left gore area, but not at the right gore. 

Evaluation and Recommendations 

The high number of erratic maneuvers that occurred at this 
site was a result of several factors: 

The geometric layout of the interchange induced er-
ratic maneuvers. The visibility of the exit area was se-
verely restricted because of the right horizontal curve prior 
to the exits. The view of the left and right ramps, as well 
as a critical overhead gore sign, was hindered by the 
presence of a building within the arc of the curve. 

The sign legends were inconsistent and misleading, 
and in some cases were wrong. One major fault involved 
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(c) Sign structure 4. 

11-15. RLIictd sign scqucizcc. Site _?.  
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(b) Sign structure 2. 

(d) Sign structure 5. 

the signing for US 322 West. In the "before" situation all 

signing messages indicated that drivers who wanted US 322 

West should remain in the right lane. However, just prior 

to the left ramp deceleration lane there was a post-mounted 
route marker on the right shoulder that indicated that 
US 322 West exited left. By the time that message was 

seen, if at all, drivers reacting to it were committed to mak-
ing an erratic maneuver. Also, some motorists were con-

fused by the routing for 1-83. This confusion could have 

resulted from misinterpreting the legend as "North to 1-83 

and I-SI ." rather than "1-83 North to 1-81 

3. The lane assignment provided by the sign messages 

led to erratic maneuvers at the second or right gore. 

Those motorists who wanted to continue on 1-83 North 

were assigned to the right lane, which is an exit lane drop. 

This was done to separate the left-exiting vehicles from  

those exiting right and continuing through. Although an 
overhead sign. located ¼ mile from the gore, directed 
1-83 North traffic into the left lane, many motorists did not 

see the necessity of moving to that lane. It was hoped that 
the addition of the yellow EXIT ONLY tab would encourage 

earlier lane changing from the right lane to the left lane. 

Although many of the erratic maneuvers at the left exit 

were reduced, the EM rate was still high after the remedial 

devices were installed. Further improvements might have 
been obtained by using diagrammatic signing techniques. 
A diagrammatic sign, such as shown in Figure B-I S. lo-
cated at least ½ mile before the interchange, could provide 
the needed advance information of the geometric layout, as 
well as the destinations. 

As a result of this case study, the following general 
recommendations are made: 
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(a) Sign structure 6. 

(c) Left exit gore sign. 

Jigitre 13-/0. Revised sign seque,:ce (conti,zued) Site 3. 

(b) Sign structure 7. 

(d) Sign structure 8. 

I. Adequate sight distance of the exit gore area should 
be provided. Although this study was not able to quantify 
the distance that is "adequate:' the 1,000-ft sight distance 
required by some states appears warranted. At more com-
plex interchanges with both left and right exits, distances 
greater than 1,000 ft should be considered. Note that at 
Site 2 (west approach to the same interchange), with the 
approach on a tangent section permitting a long sight dis-
tance and ample information perception time, the EM rate 
was considerably lower. Site 2 has left and right exits with 
full-width deceleration lanes. 

Exit lane drops should be avoided, if possible. Many 
motorists, regardless of devices used to inform them of the 
impending lane drop, prefer to remain in the right lane and 
begin to change lanes only when they see the gore area 
ahead. This results in several encroachments on the gore 
area and merging conflicts with through vehicles. 

While this case study does not support this recom-
mendation, yellow EXIT ONLY tabs, or the message THIS 
I.NE NI usr Exil, should be used to inform motorists of an 
imminent lane drop situation. Information should be placed  

on exit direction signs ½ mile and also ¼ mile from the 
gore area. 

Sign legends should be consistent and clear in mean-
ing throughout the exit sign sequence. No additional or 
conflicting messages should appear on signs as the driver 
approaches the exit. 

CASE STUDY 4—I-79S AT EXIT 18, 
GREENTREE AND CRAFTON 

Site Description 

One of the four exit lane drop sites studied is located in 
Pittsburgh on the Penn-Lincoln Parkway (1-79) westbound 
at Exit IS for Greentree and Crafton (Fig. B-2). The 
Penn-Lincoln Parkway is a four-lane divided urban free-
way running east-west through Pittsburgh. At the study 
location a third lane (truck climbing), added at the previ-
ous exit, terminates as an exit lane drop. Also, immedi-
ately upstream from the exit there is an on-ramp that feeds 
traffic directly into the drop lane. Figure B-19 shows the 
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TABLE B-18 

"AFTER" ERRATIC MANEUVER DATA, LEFT RAMP, SITE 3 - i;th& V.hLclss Throh Yshici., - 

H '  
2302010013711201 601 12 49 5 2404 1230 1254 1.97 0.98 2.95 

6 1. 2 	0 0 0 	0 0 	9 0 1 0 0 0 2 	0 0 	3 12 2 420 231 189 2.86 1.30 4.76 

19 212 0 0 0 	0 0 	23 5 8 2 0 1. 1 	0 0 	17 40 5 2937 1384 1353 1.36 1.07 1.70 

10 2 0 0 0 0 	0 0 	12 0 0 0 0 0 1 	0 0 	1. 13 2 573 291 282 2.27 0.34 4.26 

51100000 710200201 613 2 906 471 435 1.43 1.27 1.61 

eLal 63 16 7 	0 1 0 	0 1. 	88 7 10 6 0 2 L2 	0 2 	39 127 164 7320 3807 3313 1.73 1.02 2.50 

Osy 47 13 3 	0 1 0 	0 1 	67 7 9 6 0 2 9 	0 2 	35,102 124 6327 3283 3042 1.61 1.07 2.20 

Drk163200000210100030 0  1 	41. 1 	9935224712.520.774.46 

TABLE B-19 

"AFTER" ERRATIC MANEUVER DATA, RIGHT RAMP, SITE 3 - EZ6ta Tsh&c148 Throush V.hLcls 

4 

If 

0 	0 0 0 	0- 0 0 0 	0 24 1 0 1 	0 0 1 27 27 5 1230 978 252 2.20 2.76 0.0 

10000000 13000000342 231168 631.731.791.59 

0 00 0000 0390000,003939 515841323 2612.46 2.93 0.0 

000-00000 0.6001101992 291. 222 69 3.09 C05 0.0 

00001000 18100100101124471378 93 2.34 2.65 1.06 

Otall 0 0 0 	2. 0 0 0 	2 80 2 0 2 	2 0 2 88 90 164 3807 3069 7382.36 2.87 0.27- 

Day0 0 0 0 	1 0 0 01 71 2 0 1 	1 0 1 76 77 121 3285 2679 6062.342.84 0.17 

Dsrk10000000 1900110112134 522390 32 2.491 3.081 0.76 

geometry of the interchange. The exit gore area, located 
on a crest vertical curve, has limited sight distance. 

Figure B-20 shows the signing sequence for this exit. 
Two post-mounted advance exit warning signs are located 
one mile and ½ mile from the exit (Signs I and 2). Neither 
sign gives any indication of an impending exit lane drop. 
Sign 3 is a post-mounted sign indicating that through traffic 
should be in the left lane. Sign 4 is an overhead sign located 
approximately 700 ft from the exit gore. Down arrows are 
used to assign through traffic to the inside and middle lanes 
and exiting traffic to the outside lane. At this point the 
motorist is still not able to see the exit ramp geometry. The 
final sign, also overhead, is located over the exit ramp, 
indicating that the ramp divides for Greentree and Crafton. 
No exit gore sign is provided at this location. 

Delineation of the exit area was provided by standard 
pavement markings and post delineators. The gore mark-
ings, consisting of diagonal white stripes, were weathered 
and not clearly visible. Amber delineators were in place 
along the right edge of the exit lane and in the gore area. 
The interchange was not illuminated. 

"Before" Erratic Maneuver Data 

The first observation period for erratic maneuvers took 
place on May 27, 28, and 29, 1971. Because this was the 
Memorial Day weekend, another set of "before" data was 
taken later during the summer, on August 19, 20, and 21 
(Thursday, Friday, and Saturday). 

Tables B-22 and B-23 give the summary results of the 
first and second data collection periods, respectively. The 
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TABLE B-20 

COMPARISON OF "BEFORE" AND "AFTER" DATA, LEFT RAMP, SITE 3 

ERRATIC 
DAY NIGHT TOTAL 

MANEUVER TYPE BEFORE AFTER BEFORE AFTER BEFORE AFTER 

Exit vehicles: 
Gore paint 219 47 52 16 271 63 
Gore area 26 13 4 3 30 16 
Stop in gore 13 5 2 2 15 7 
Backup 1 0 0 0 1 0 
Sudden slow 0 1 0 0 0 1 
Lane change 0 0 0 0 0 0 
Swerve 0 0 0 0 0 0 
Stop on shoulder 6 1 2 0 8 1 

Subtotal 265 67 60 21 325 88 

Through vehicles: 
Gore paint 19 7 1 0 20 7 
Gore area 8 9 1 1 9 10 
Stop in gore 19 6 2 0 21 6 
Backup 1 0 2 0 3 0 
Sudden slow 23 2 10 0 33 2 
Swerve 0 9 0 3 0 12 
Stop on shoulder 2 0 1 0 3 0 
Other 2 2 1 0 3 2 

Subtotal 74 35 18 4 92 39 

Total 339 102 78 25 417 127 

(a) Volumes 

Total 6862 6327 1241 993 8103 7320 
Through 3841 3285 722 522 4563 3807 
Exit 3021 3042 519 471 3540 3513 

- 
(b) EM Rates (%) 

Total EM - 4 	a  1.61 6.28 2.52 5.15 1,73 Total Vol. 

Through EM 
1.93 1.07 2.49 0.77 2.02 1.02 Through Vol. 

Exit EM 
8.77 2.20 11.56 4.46 9.18 2.50 Exit Vol. 

For all "before" and "after" differences, level of confidence 95% 

ratio of total erratic maneuvers to total vehicles is nearly 
the same for both periods-0.55 percent and 0.60 percent. 

As expected, at an exit lane drop there is a preponderance 
of erratic maneuvers for vehicles continuing through, as 
opposed to those exiting. For the first set of "before" data 
the erratic maneuver split of through vehicles to exiting ve-
hicles was 98 to 2 percent; for the second set of data the 
split was 95 to 5 percent. Apparently, those motorists who 
desire to exit at this interchange have no problems in doing 
so. Because this exit leads to a commercial and residential 
district, it is likely that a large majority of exiting drivers 
are frequent users and familiar with the route. 

On the other hand, a significant number (0.60 percent 
and 0.79 percent of the total through volume) apparently 
were not aware of the exit lane drop and crossed over the 
gore area. During both periods of "before" data the night 

EM rates were nearly twice those of the day rates. This 
increase is probably due to the already limited sight distance 
of the gore area being further restricted by the absence of 
illumination. 

Driver Interviews 

Driver interviews were conducted on Friday, July 9, and 
Saturday, July 10, 1971. Because the initial observation 
indicated that most of the erratic maneuvers occurred with 
vehicles continuing through, it was decided to limit inter-
views to drivers of those vehicles. 

Because of rainy weather, only 13 interviews were made 
during the 11/2 -day period; all were conducted during day-
light hours. The interview station was located on the park-
way shoulder out of sight of vehicles passing the exit gore 
area. 
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'FABLE B-21 

COMPARISON OF "BEFORE" AND "AFTER" DATA. RIGHT RAMP. SITE 3 

DAY NIGHT TOTAL 

ERRATIC 

MANEUVER TYPE BEFORE AFTER BEFORE 
- 

AFTER BEFORE AFTER 

Exit vehicles: 
Gorepaint 3 0 2 1 5 1 

Gorearea 0 0 0 0 0 0 

Stop in gore 3 0 0 0 3 0 

Backup I 0 0 0 1 0 

Sudden slow 0 1 1 0 1 1 

Lane change 1 0 0 0 1 0 

Swerve 0 0 0 0 0 0 

Stop on shoulder 0 0 0 0 0 0 

Subtotal 8 1 3 1 11 2 

Through vehicles: 
Gore paint 79 71 10 9 89 80 

Gorcarea 1 2 0 0 1 2 

Stop in gore 4 0 0 0 4 0 

Backup 0 1 1 1 1 2 

Sudden slow 0 1 3 1 3 2 

Swerve 0 0 0 0 0 0 

Stop on shoulder 0 1 0 1 0 2 

Subtotal 84 76 14 12 98 88 

Total 92 77 17 13 109 90 

(a) Volumes 

Total 341 328' 122 522 4563 3807 

Through 3193 2679 580 390 3773 3069 

Exit 648 606 142 132 790 738 

(h) EM Rates (%)  

Total EM 2.39 2.34 2.35 2.49 2.39 2.36 

Total Vol. (NS) (NS) (NS) 

Through EM 2.63 2.84 2.41 3.08 2.60 2.87 

Through Vol. (NS) (NS) (NS) 

Exit EM 1.23 0.17 2.11 0.76 1.39 0.27 

Exit Vol. (95) ( NS) (>95) 

(NS) 	not significant at 50% level of confidence. 
(95) = significant at level of confidence indicated in parentheses 

1- 83N 	//US 322E 	 I-83N 	US 322E 

7/ 	I 
2.15 %

2 

\ 	 TOTAL E.M.• 217 
TOTAL RATE4.09% 

TOTAL E.M. 526 

/ 	
TOTAL RATE•7.54% 

1-835 	I 	 X-83S 

us 32:w 	 Us 322W 	

0531% 

tot UtVI'tt lBAlMbNI 	 tb1At-IIB IBLAIBINI 

Fit'zire B-i 7. ''Before" (till! ''after" erratic ,naneut'cr c-onlpari 

SOFt, Site 3. 

clun,'ra;it,itatic 'i//It, Site 3. 



62 

Figure B-/9. Plan view of exit, Site 4. 

Table B-24 gives interview responses. Of the 13 motor-
ists interviewed, six indicated that they had just entered the 
freeway from the on-ramp located prior to the exit. As 
described, the "acceleration lane" for the on-ramp is com-
mon to the exit lane drop. Therefore, merging traffic that 
is incapable of moving into the adjacent through lane be-
cause of high volumes is forced to encroach on the exit  

gore area. Four drivers stated that they had been in the 
outside lane and did not realize that it would become an 
exit lane drop. One responded that "he had expected the 
ramp earlier than when it came"—which could mean he 
did not know of the impending lane drop. Two drivers 
attributed their erratic maneuvers to "uncertainty of direc-
tion" and "last-minute change of mind." 

Table B-25 summarizes the responses for each question. 
At this location only two were out-of-state motorists and 
only four had trip lengths of more than 50 miles. Ten of 
the 13 respondents were sure that it was not the exit they 
wanted. Only three indicated that they had problems iden-
tifying whether to exit or not. Four drivers believed that 
the markings did not clearly identify the exit ramp. This 
could be attributed to the fact that the paint markings in 
the gore area were severely weathered and not clearly 
visible. 

Recommended Remedial Devices 

The erratic maneuver data and the interviews indicated that 
two major deficiencies existed for this exit. One was an 
operational deficiency due to poor geometric design. Ve-
hicles entering the freeway used the exit lane drop for an 
acceleration lane and frequently, because of high volumes, 
did not have sufficient space to merge into the through 
lanes. This problem could be alleviated only through de-
sign changes. The other major deficiency was that vehicles 
using the outside truck climbing lane needed information 
emphasizing the exit lane drop. It appears that the over-
head sign (Sign 4, Fig. B-20) does tell motorists to stay in 
the right lane for exiting and in the two inside lanes for 
continuing through. However, many drivers prefer to re-
main in the right lane and expect an additional deceleration 
lane to be provided for exiting. Hence, they ignore the 
warning to merge into the adjacent lanes. 

To emphasize the presence of the lane drop, it was 
recommended to add yellow EXIT ONLY panels to the over-
head sign. This message is recommended by AASHO for 

TABLE B-22 

1ST "BEFORE" ERRATIC MANEUVER DATA, SITE 4 

ixua.z v.i., 	. 4 
• 

ThaiI V.ci.. 
;. 

.! 

• 
'h 	. 	I 

I! 

	

I• 	I 

	

0 	a 

00000 00 00 1000000773 3978 1944 2034 .18 .360.00 

06 0000000 910000010101 1.208 606 600 .831.650.00 

h0 0 0 0 00 01 29620  4 2039405 12781 9337 3444 .31.42 .03 

0010000011210 10 0102423 2 27301836 894 .92 1.31 .11 

1 0 0 0 0 0 	0 0 	1 30 6 0 	0.022 0 	58 59 3 4824 3642 1182 1.22 1.59 .08 

Total. 2 0 1 0 0 0 0 0 	3 87 23 3 	0 0 25 0 138 141 15 25519 17365 8154 .55 .79 .04 

Day 2 .0 .0 0 0 0 	.0. 0 	2 6612 2 	0 0 24 0 104 106 11 21.583 14923 6660 .49 .70 .03 

Dark0010000 01211110 010435 3 393624421494 .89 1.39 .07 
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(b) Sign structure 2. (a) Sign structure 1. 

(c) Sign structure 3. 

(vT 18 

F!THRU 6 rt
Cra 

(d) Sign structure 4. 

-- 

(e) Gore area and sign structure 5. 

Fit,',,rc' B-20. ''Before' sign sequence. Site 4 

advising drivers of an imminent lane drop situation. It was 
also recommended that the pattern of the lane line between 
the outside and the middle lane be changed to an 8-in-wide 
white line. 10-ft gap. The new line was to extend 1.000 ft 
upstream from the gore point. It was hoped that the 
uniqueness of this line would further emphasize a chang-
ing situation—i.e., all exit lane—for through traffic and 
would encourage quicker merging by those drivers who had 
just entered the freeway. In addition, the markings were 
repainted and a standard post-mounted ixjr gore sign was 
installed (see Fig. B-2 I ). 

"After" Erratic Maneuver Data 

"After" data were collected on Thursday, Friday. and 
Saturday, October 4. 5. and 6. 1971. The hours of ob-
servation were the same as in the second "before" study 

period. 
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Table B-26 gives results of the "after" data. As in the 
"before" studies, through erratic maneuvers exceeded exist-
ing erratic maneuvers-88 percent to 12 percent. 

The EM rates for the daylight periods were fairly con- 

sistent over the three-day period-0.35, 0.37, and 0.37 per-
cent for Thursday, Friday, and Saturday, respectively. EM 
rates at night were not similar, however. The rates were 
lower at night than during the day. 

TABLE B-23 

2ND "BEFORE" ERRATIC MANEUVER DATA, SITE 4 

- Ixitin& Yshicis. 

o 

Through Tshc1ss 

H 	- 	': 
_60100000 738050000435059297 67052592 .34 .64 .27 

0 0 000 0 00 0316200003939 2 3117 2211 906 1.25 1.76 0.00 

0010 00 0 0 124320000293038262 59882274 .36 .48 .04 

0 00 000 0 0 0332130000337 23606 2663. 943 1;03 1.30 0.00 

00000 000 0133000001616 3 4407 3303 1104 .36 .480;00 

sEal. 602000-00 81193312 00001641721628689 20868 7821 .60 .79 .10 

Day 6 0 2 	0 0 	0 0 0 8 756 7 	0 0 0 	0 88 96 11 21966 15996 5970 .44 .55 .13 

Dark00000000 0442750000767636723 48721851 113 1.56 0.00 

TABLE B-24 

DRIVER INTERVIEW RESPONSES, SITE 4 

Identiri- Distin- 
Route Trip Over Map Think it catioo Signs guish Markings N.M. 

No. Sen State Age Use Type 50 ml. Use was Exit? Problems? Clear? Location? Clear? Type Remarks 

1 M Pa. 26-40 Seldom Shopping No No Not Sore Yes No Yes Yes Gore Paint Was undecided whether to 
takeexit. 	Ussure of 
direction. 

2 M Pa. 26-40 Weekly Business Yes No It Wasn't No Yes Yes Yes Gore Paint Merged at prior entrance 
ramp and couldn't change 
lanes. 

3 M Pa. 26-40 Yearly Business No No It Wasn't No Yes No No Gore Paint Had expected exit earlier 
than when it came. 

4 M N.Y. 26-40 Seldom Recreation Yes Yes Not Sure Yes No No No Gore Paint Signs were not clear. 
Didn't know he had to 
move over to next lane. 

5 M Pa. 41-55 Seldom Business No No It Wasn't No Yes Roughly No Gore Paint Merged at prior entrance 
ramp and couldn't change 
lanes. 

6 N Pa. 26-40 Weekly Business No No It Wasn't No Yes Yes Yes Gore Paint Merged at prior entrance 
ramp and couldn't change 
lanes. 

7 M Ill. <26 Seldom Recreation Yes Yes It Wasn't Yes No Yes No Gore Paint Couldn't get into left 
lane. 	Didn't see sign 
thatsaid right lane was 
exit only. 

P Pa. >55 Yearly Business No No Yes No Yes Yes Yes Gore Paint At last minute remembered 
thatshe was going to the 
airport and not this exit. 

9 M Pa. 26-40 Monthly Business No Yes It Wasn't No --- Yes Yes Gore Paint Merged at prior entrance 
ramp and couldn't change 
lanes. 

10 M Pa. 41-55 Yearly Business No No It Wasn't No Yes Yes Yes Gore Paint Merged at prior entrance 
ramp and couldn't change 

11 F Pa. 41-55 Yearly Business No No It Wasn't No 
lanes. 

Yes Yes Yes Core Paint Merged at prior entrance  
ramp and couldn't change 

12 P Pa. 26-40 Seldom Recreation Yes Yes It Wasn't No No Yes Yes Gore Paint Th::ght that right lane 
continued no and didn't 

13 M Pa. 26-40 Monthly Recreation No No It Wasn't 
know about lane drop. 

No No Yes Yes Gore Paint Didn't know that right 
lane was an exit ramp. 
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Comparison of "Before" and "After" Data 

Table B-27 compares "before" and "after" erratic ma-
neuvers, volumes, and EM rates. Only the second set of 
"before" data is given because the observation hours were 
similar to the "after" data, which permits a more meaning-
ful comparison. 

The "before" and "after" volumes compare favorably in 
all the categories. The total volumes are slightly higher in 
the "before" study because of the ½-hr additional data. 

A statistically significant reduction of nearly 50 percent 
(from 172 to 92) in the number of erratic maneuvers was 
obtained in the "after" study. This reduction is also re-
flected in the total EM rates, which fell from 0.60 to 
0.33 percent. This improvement is due primarily to a sig-
nificant reduction in the number of night through erratic 
maneuvers. Although there was a reduction in the day 
through erratic maneuvers, it was significant only at the 
80 percent confidence level. The remedial devices em-
ployed were designed specifically to reduce through erratic 
maneuvers. None of the exiting categories showed a 
significant reduction. 

Surprisingly, the most significant improvement was ob-
tained at night. The total EM rate decreased from 1.13 to 
only 0.24 percent—a 78 percent reduction. This improve-
ment could be associated with the new paint line pattern 
and the newly painted gore markings. It is also possible 
that drivers are more attentive to signs at night, as they 
have fewer other cues to assist them in finding their desired 
paths, and fewer distractions. Hence, any improvements in 
signing will produce more dramatic changes in night than 
in day driving patterns, even though the altered sign is 
clearly visible under both conditions. 

Figure B-22 shows "before" and "after" data. The num-
ber at the end of the arrow is the rate of through or exiting 
erratic maneuvers to the total volume. Note that whereas 
the exiting EM rates are nearly the same, the through EM 
rate decreased from 0.57 to 0.29 percent. 

TABLE B-25 

SUMMARY OF DRIVER INTERVIEW RESPONSES, 
SITE 5 

QUESTION RESPONSE NO. 

Sex Male 10 
Female 3 

Out-of-state Yes 2 
No 11 

Age Less than 26 1 
26-40 8 
41-55 3 
More than 55 1 

Route use Once week 2 
Once month 2 
Once year 4 
Seldom or never 5 

Trip type Commuting 0 
Shopping 
Business 8 
Recreation 4 

Trip over 50 miles Yes 4 
No 10 

Map use Yes 3 
No 1 

Did you know it was Yes, 	all 	along 1 
exit you wanted Yes, last minute 0 

Not sure 2 
It 	wasn't 10 

Problems with know- Yes 3 
ing where to go No 10 

Signs clear to you Yes 7 
No 5 

Able to distinguish Yes 10 
location of ramp Roughly 1 

No 2 

Markings adequate Yes 9 
No 4 

TABLE B-26 

"AFTER" ERRATIC MANEUVER DATA, SITE 4 

r—  2xjI ysicIss 

0. 	 . 

Thuzb Vsbc1as 

. 	J. 

- 
.. 	: 	: 

_L. £.. 	L. 
6 0 	0 0 0 1 0 0 7 23 4 0 1 0 0 	1 29 36 5 10161 7227 2934 .33 .40 .24 

L 00000 000 0920000011112 3294 2301 993 .33 .48 0 

21960000025273 7356 52382118 .37 .48 .09 

1000 0000 12100001432 3291 22391032 .15 .18 .10 

0 0010000 11020000012133 3564 2377 987 .37 .47 .10 

otsl 9 0 	0 1 0 1 0 0 11 63 15 0 1 0 0 	2 81 92 16 27666 19602 8064 .33 .41 .14 

Doy 8 0 0 1 0 1 0 0 10 52 12 0 1 0 0 	1 66 76 11 21081 15042 6039 .36 .44 .16 

Dolt 1 0 	0 0 0 0 0 0 1 113 0 0 0 0 	1 15 16 5 6383 4560 2025 .24 .33 .05 
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(b) Gore area and sign structure 5. 

Eva'uation and Rcnmmpnrfatjonc 

A substantial reduction in erratic maneuvers was brouiht 
about by the application of traffic control devices at this 
site. It is not possible to state categorically that any one 
remedial treatment made the difference. Because no inter-
views were taken after the treatments were installed, there 
are no data to show whether one treatment is more effective 
than the others. 

It would be reasonable to assume, however, that the 
yellow EXIT ONLY panels on the overhead sign was the 
major factor in the improvement. The intent of that mes-
sage is to emphasize that the lanc directly under the message 
is an exit lane. Apparently, more motorists were perceiv-
ing and reacting to the message than previously. 

The effectiveness of the different skip line pattern (8 in, 
wide. 10-ft mark to 10-ft gap) cannot be assessed singu-
larly. It was, however, part of a successful system of treat-
ments designed to reduce the number of through erratic 
maneuvers. Possibly through its uniqueness it has high-
lighted the presence of an exit lane, and motorists are 
reacting accordingly. 

From the results of the study at this site, the following 
recommendations are made: 

I. Where a single weaving section is created by the 
presence of an on-ramp followed by an off-ramp, adequate 
distance should be provided to accommodate merging ma-
neuvers, The AASHO "Blue Book" recommends a mini-
mum weaving distance of 500 ft, and preferably 900 ft. At 
this exit a distance of 490 ft was provided. Although this 
nearly meets the minimum standard, it does not appear 
adequate for safe operations. The desirable distance of 
900 ft would provide more opportunity for merging during 
high volumes and would reduce encroachments on the gore 
area, 

2. Exit lane drops should be avoided whenever possible. 
However, when an exit lane drop exists or is to be con-
structed, an overhead exit direction sign, incorporating 
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TABLE B-27 

COMPARISON OF "BEFORE" AND "AFTER" DATA, SITE 4 

DAY NiGH! TOTAL 

ERRATIC - 

MANEUVER TYPE BEFORE 	AFTER BEFORE AFTER BEFORE AFTER 

Exit vehicles: 
Gore paint 6 8 0 1 6 9 

Gore area 0 0 0 0 0 0 

Stop in gore 2 0 0 0 2 0 

Backup 0 1 0 0 0 1 

Sudden slow 0 0 0 0 0 0 

Lane change 0 1 0 0 0 1 

Swerve 0 0 0 0 0 0 
Stop on shoulder 0 0 0 0 0 0 

Subtotal 8 10 0 1 8 11 

Through vehicles: 
Gore paint 75 52 44 11 119 63 

Gore area 6 12 27 3 33 15 

Stop in gore 7 0 5 0 12 0 

Backup 0 1 0 0 0 1 

Sudden slow 0 0 0 0 0 0 

Swerve 0 0 0 0 0 0 
Stop on shoulder 0 0 0 0 0 0 

Other 0 1 0 1 0 2 

Subtotal 88 66 76 15 164 81 

Total 96 76 76 16 172 92 

(a) Volumes 

Total 21966 21081 6723 6585 28689 27666 

Through 15996 15042 4872 4560 20868 19602 

Exit 5970 6039 1851 2025 7821 8064 

(b) EM Rates (%) 

Total EM 0.44 0.36 1.13 0.24 0.60 0.33 

Total Vol. (75) (>95) (>95) 

Through EM 0.55 0.44 1.56 0.33 0.79 0.41 

Through Vol. (80) (>95) (>95) 

Exit EM 0.13 0.16 0.00 0.05 0.00 0.14 

Exit Vol. (NS) (NS) (NS) 

(NS) = not significant at 50% level of confidence. 
(95) = significant at level of confidence indicated in parentheses 

yellow EXIT ONLY panels, should be used. This sign should 
be located ½ mile and also ¼ mile in advance of the gore 

point. 
The lane line between the drop lane and the through 

lane should be changed to either the pattern used in this 
study or a solid 8-in.-wide white line for a distance of 
1,000 ft from the gore. However, where an entrance 
terminal is located prior to the exit it is recommended 
that the dashed line be used rather than the solid line so 

as not to restrict merging maneuvers. 

A post-mounted EXIT sign should be placed in the 
gore area. Even where an overhead gore sign exists, this 
type of exit sign helps to identify the gore and ramp area. 
The sign should be mounted on breakaway posts. 

CASE STUDY 5—I-76E AT EXIT 14, 

US 22 BUSINESS, WILKINS 

Site Description 

Site 5 is located on the east side of Pittsburgh on the Penn-
Lincoln Parkway (1-76), eastbound (Fig. B-2). The Park-
way is the major thoroughfare accommodating motorists 
traveling east-west through the city. At the study site, 1-76 
is a six-lane divided urban freeway. Exit 14 leads motorists 
to US 22 Business Route and into the town of Monroe-
ville—a primarily commercial area, with several large 
shopping malls. The exit has a long direct taper decelera-
tion lane and leaves the main roadway nearly tangentially, 
with 1-76 curving to the left immediately beyond the exit. 
The entire test area slopes downward and, therefore, pro- 
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Fiq,,re 11-23. Plo,, '"II of exit, Site 5. 

'ides sufficient sight distance. Figure 13-23 shows the 
geometric layout of the site. 

Figure B-24 shows the signing sequence for this exit, 
which consists of three overhead sign structures and one 

post-mounted sign. Sign 1, located ½ mile upstream from 

the exit, serves as the gore sign for the Churchill exit as 

well. The left sign simply indicates the distance to the exit 
for Wilkins and US 22 Business. Sign 2. located ¼ mile 
from the fIrst, also supports two signs. The right sign has 

the same legend as the previous sign and has a downward-

pointing arrow designating use of the right lane for the exit. 

The left sign indicates that through traffic may use either of 

the remaining two lanes. Next is a ground-mounted sign 

(Sign 3) that states that the exit is for Monroeville instead 

of Wilkins, as the other signs indicate. Located near the 

beginning of the painted gore stripes, the last structure 

(Sign 4) supports three signs. Again. Wilkins is desig-

nated—on the sign above the deceleration lane, with an 

upward-sloping arrow to the right. The middle sign speci-
fies that traffic for the next exit should he in the shoulder 

through lane, and that through traffic should use the two 

inside lanes. None of the signs in the entire sequence is 
illuminated during darkness. 

The delineation consisted of only the painted gore di-

agonal markings and edge lines. No reflective delineators 
were present at the site, and there was no roadway 
illumination. 

"Before" Erratic Maneuver Data 

Table B-28 gives the erratic maneuver data that were col-

lected on May 27, 28, and 29, 1971. However, because 

this was the Memorial Day weekend, additional "before" 

data were collected on the weekend of August 19. 20. and 

21 (Table B-29). The data show that the volumes were 
not greater for the holiday weekend, but EM rates were 

slightly higher. This reflects the logical possibility that a 

Figure 11-24. Before' sign seq/fence, Site 5. 
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TABLE B-28 

1ST "BEFORE" ERRATIC MANEUVER DATA, SITE 5 

- Exitini yahicis. Throngh y.bici.a 
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TABLE B-29 

2ND "BEFORE" ERRATIC MANEUVER DATA, SITE 5 
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larger percentage of unfamiliar motorists were on the high-
way during the vacation period. In this case study, all 
discussion of "before" data relates to the second set. 

A total of 171/2  hr were studied, with 5 hr being during 
darkness. Sixty-six erratic maneuvers were observed; the 
majority of these (50) involved exiting vehicles. However, 
the number of diverging vehicles was considerably less than 
that of through vehicles. 

The EM rates also reveal that exiting vehicles were en-
countering considerably more difficulty than were the 
through vehicles (0.40 percent to 0.08 percent). In addi-
tion, the rates were higher at night(0.31 percent) than they 

were during the day (0.17 percent). The greatest rate is 

that of the exiting motorists at night (0.77 percent). 

Driver Interviews 

Because the ramp was designed with a curb on both sides 
throughout its length, there was no location where motor-
ists could safely stop off the roadway. Therefore, no driver 
interviews were conducted. 

Recommended Remedial Measures 

Because no interviews were conducted, it was difficult to 
ascertain what problems motorists were encountering at this 
exit. However, a critical analysis of the site and the types 
of erratic maneuvers that were most prominent indicated 
that many of the problems could be attributed to the 
following: 

The name "Wilkins" refers to a township and is not 
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familiar to many motorists. Most people seem to refer to 
the area served by the ramp as Monroeville, because it is 
a large business district. 

Motorists traveling cast on US 22 (1-76 at this point) 
may he enticed into the exit ramp when they see the legend 
US 22 BUSINESS. There is no indication that US 22 con-
tinues straight through. 

Because of high volumes, some motorists who have 
entered the Parkway from the left-merging Churchill en-
trance ramp may not he able to maneuver into the right 
lane for exiting until the last minute. 

With these possible reasons in mind, several sign changes 
were recommended and installed (Fig. B-25). The major 
change was that MONROEVILLE replaced WILKINS on all exit 
signs, except the first one. In addition, a post-mounted EXIT 

sign was placed in the gore area. It was also suggested that 
the last overhead sign should indicate that US 22 con-
tinues straight through: however, this change was not 
i ni pIcnic 11 ted. 

The high exiting EM rate at night could be attributed to 
the fact that motorists often have difficulty in distinguishing 
the through route from the exit ramp when the angle of 
divergence is very small. Therefore, a delineation system 
was installed to alleviate this problem. Double amber post 
delincators were placed along the right edge of the exit 
ramp, starting at the beginning of the deceleration lane. 
Single amber delineators were placed on the exit side of the 
gore, single crystal reflectors were used on the through-
route side. Throughout the site, crystal delincators were 
situated on the median. All installations used 100-ft 
spacings. 

Initially, it was suggested that the right edge line he 
continued as a dotted line across the ramp and connecting 
with the gore markings. This line would help to designate 
the boundary of the through route. However, because of 
painting schedules, the dotted line was not installed. 

"After" Erratic Maneuver Data 

"After" data, collected on November 4. 5, and 6. 1971, 
during the same hours as in the "before" period, are given 
in Table B-30. 

Again, most of the erratic maneuvers were of the exiting 
type—nearly 68 percent (19 of 28). The exiting volumes, 
as before, were considerably less than the volumes of 
through traffic. 

The EM rates indicate that the over-all exiting rate is 
approximately four times as great as the through rate. This 
trend is particularly apparent at night when the exiting rate 
is 0.47 percent, as compared to 0.04 percent for the 
through traffic. The over-all night rate is three times as 
great as the day rate (0.19 percent. as compared to 
0.06 percent). 

Comparison of "Before" and "After" Data 

Table B-3 I compares "before" and "after" erratic ma-
neuvers. volumes, and EM rates (the second set of "before" 
data is used). 

The total volumes show a slight increase in the "after" 
study, mostly due to an increase in the exiting volumes. 

A reduction of 58 percent (from 66 to 28) in the total 
number of erratic maneuvers was experienced in the "after" 
study. This reduction is also evident in the total EM rates 
(from 0.20 to 0.08 percent), which were reduced signifi-
cantly at a level of confidence greater than 95 percent. 

Day rates decreased more than night rates. The other 
prevalent trend was that the exiting rates were reduced 
more significantly than were the through erratic maneuver 
rates. The total exiting rate decreased from 0.40 to 
0.15 percent: the total through rate dropped from 0.08 to 
0.04 percent. This result was expected, as it was intended 
that the legend changes would benefit exiting motorists 
primarily. 

The delineation was expected to help through drivers at 
night, and indeed the rate did decrease. by 43 percent. 
However, the number of erratic maneuvers was too small 
to use a statistical test to indicate any significance. 

Figure B-26 shows "before" and "after" data. The num-
ber at the end of the arrow is the rate of through or exiting 
erratic maneuvers to the total volume. The greatest re-
duction was in exiting erratic maneuvers (from 0.15 to 
0.05 percent): through erratic maneuvers were reduced 
from 0.05 to 0.03 percent. 

(a) Sign structure 2. 
Figure B-25. Revised sign sequence Site 5. 

(b) Sign structure 4. 
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TABLE B-30 

"AFTER" ERRATIC MANEUVER DATA, SITE 5 
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TABLE B-31 

COMPARISON OF "BEFORE" AND "AFTER" DATA, SITE 5 

DAY NIGHT TOTAL 
ERRATIC 
MANEUVER TYPE BEFORE AFTER BEFORE AFTER BEFORE 	AFTER 

Exit vehicles: 
Gore paint 15 6 12 9 27 15 

Gorearea 1 0 0 0 1 0 

Stop in gore 3 0 0 0 3 0 

Backup 1 0 0 0 1 0 

Sudden slow 1 0 0 0 1 0 
Lane change 10 0 6 0 16 0 

Swerve 0 0 0 0 0 0 
Stop on shoulder 1 2 0 	- 2 1 4 

Subtotal 32 8 18 11 50 19 

Through vehicles: 
Gorepaint 7 4 0 1 7 5 

Gorearea 1 0 0 0 1 0 

Stop in gore 3 3 1 1 4 4 

Backup 1 0 0 0 1 0 

Sudden slow 1 0 0 0 1 0 

Swerve 0 0 0 0 0 0 
Stop on shoulder 0 0 2 0 2 0 

Other 0 0 0 0 0 0 

Subtotal 13 7 3 2 16 9 

Total 45 15 21 13 66 

(a) Volumes 

Total 25992 26529 6798 7002 32790 33531 

Through 15861 15777 4473 4680 20334 20457 

Exit 10131 10752 2325 2322 12456 13074 

(b) EM Rates (%) 

Total EM 0.17 0.06 0.31 0.19 0.20 0.08 

Total Vol. (>95) (80) (>95) 

Through EM .0.08 0.04 0.07 0.04 0.08 0.04 

Through Vol. (75) - (75) 

Exit EM 0.32 0.07 0.77 0.47 0.40 0.15 

Exit Vol. (>95) (75) (>95) 

(NS) = not significant at 50% level of confidence. 
(95) = significant at confidence level indicated in parentheses 
a Sample size too small for statistical test. 
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US 22 
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	 I- 76E CASE STUDY 6—I-76W AT EXIT 13, CHURCHILL 

Site Description 
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TOTAL E.M. = 28 
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TOTAL E.M.- 66 	 I 
TOTAL RATE0.20% 

14 

III' 
(o) BEFORE TREATMENT 

	
(b) AFTER TREATMENT 

Figure B-26. 'Before" and "after" erratic maneuver 
comparison, Site 5. 

Evaluation and Recommendations 

It appears that the combination of treatments that were 
implemented was helpful in reducing the driver confusion 
and indecision at this site. However, because no driver 
interviews were conducted, it is difficult to determine which 
remedial treatments caused the greatest reduction. 

It would be reasonable to assume that the legend change 
to MONROEVILLE was the major factor in reducing exiting 
erratic maneuvers. Motorists whose destination was the 
business district were no longer confused by the WILKINS 

legend. Thus, the number of late exits was reduced. 
Although the sign change was also effective at night, it 

is believed that the delineation and the presence of the EXIT 

gore sign were helpful in indicating the location of the 
ramp and the through route. This would tend to reduce the 
number of both types of erratic maneuvers. 

From the results of this case study, the following recom-
mendations are made: 

Destinations used in sign legends should be meaning-
ful to the motorists using the information. In this case, 
"Wilkins" meant nothing to most of the exiting motorists, 
who were interested in finding the Monroeville business and 
shopping district. 

A post-mounted EXIT gore sign should always be used. 
It helps the motorist to distinguish the location of the exit. 

Reflectorized delineation should be placed along both 
the exit and the through route, especially at tangential off-
ramps. This allows the motorist to distinguish the exit from 
the through route and, thus, alleviates the problem of 
drivers unintentionally wandering into the ramp. 

Although relevant data are not available in this site 
study, it is believed that each route—including the through 
route—should be clearly signed. At this site, the through 
route was not identified as US 22. Therefore, a motorist 
could mistakenly use the exit (US 22 Business) instead of 
continuing straight ahead when he desired to use US 22. 

The Churchill site is Exit 13 on the Penn-Lincoln Parkway 
in Pittsburgh (Fig. B-2). This exit is located on the west-
bound direction of the freeway in a suburban area east of 
the central business district. The Parkway (1-76) is the 
core of the freeway system in Pittsburgh and serves cross-
country travelers going through the city as well as com-
muters working downtown. 

The exit is a left-side lane drop, reducing the number of 
through lanes from three to two. The gore is at the crest 
of a long upgrade, with a right-side entrance ramp im-
mediately upstream. The median is a narrow barrier guard-
rail that serves as the left boundary for the exit ramp. The 
freeway curves to the right at the gore, thereby causing the 
ramp to take a tangential line to its terminus at a signalized 
intersection. A large, nearly level, grassy area is situated 
between the ramp and the through lanes. 

The right-side entrance upstream from the left exit could 
cause a merging problem for drivers who want to go be-
tween the two points they serve. To alleviate this, a con-
venient service road connects the on-ramp with the inter-
section terminal of the exit ramp. Figure 1327 shows the 
roadway geometrics. 

The signing for this exit starts well in advance of the 
gore area. The first indication of the exit is one mile from 
the site (Fig. B-28). The sign over the left lane warns the 
driver that the exit is on the left. Sign 2 is another overhead 
structure with two signs. The sign above the median lane 
indicates that motorists who wish to exit should use that 
lane. The sign on the right states that through traffic may 
use either of the two right lanes. 

The third sign in the sequence is a post-mounted sign, on 
the right side of the highway, which indicates that those 
drivers who wish to take the exit should move to the left. 
This sign is mounted at the end of the acceleration lane 
noted earlier. 

The final sign (Sign 4) is an overhead structure contain-
ing two panels. The panel above the left lane marks the 
exit by the location name and the route number. The other 
panel, above the two right-hand lanes, shows the through 
route to be 1-76 west to Pittsburgh. Note that at this point 
the gore point is not yet visible to the driver, and he has not 
been warned that the left lane is about to be dropped. 

Delineation at the Churchill site consisted of standard 
paint markings and a refiectorized diamond-shaped target 
that was post-mounted in the gore area. In addition, a small 
section of cable-type guardrail is located on the through 
side of the gore area. No illumination exists at this site. 

"Before" Erratic Maneuver Data 

The first observation period for erratic maneuvers was 
May 27, 28, and 29, 1971. Because this was the Me-
morial Day weekend, another set of "before" data was 
taken on August 19, 20, and 21. Tables B-32 and B-33 
give summaries of both sets of data. Note the significant 
reductions in EM rates in the second set of "before" data, 
substantiating the contention that the Memorial Day holi-
day might have biased the data. Perhaps a larger number 



(b) Sign structure 2. 

73 

of unfamiliar drivers passed the site during the first period. 

Therefore, the second period of data collection is used as 

(lie base coiiditiuii. 
In all cases the exiting EM rate was higher than that for 

the through movement. [his was totally unexpccted, be-

cause it was anticipated that the main problem would be 

with those drivers who were unaware of the impending 

lane drop and would have to maneuver quickly back onto 

the through route. This action, if it brought them across 
the gore paint, would qualify as a through erratic maneuver. 

Therefore, based on this anticipated problem and the exist-

ing signing and visibility characteristics, it was expected 
that the through EM/through vehicle ratio would he greater 

than the exit EM/exit vehicle ratio. An explanation for 
this unusual finding was uncovered in the driver interview 

analysis. however. 
The EM rates during the day were somewhat higher than 

the night rates. However, these differed when through and 
exiting erratic maneuvers were separated: the day-through 

rate was higher than the dark-through rate; the reverse 

was true for exiting erratic maneuvers. 

'1 	 III1 

wool 

(a) sign structure 1. 

-- - - 

-flL 
p 	 LI 	 U 	 0 	 0) 

EXIT RAMP 

WESTBOUND 

 

Figure B-27. Plan view, Site 6. 

WEST 1740 
rchill 

~; -M"O &~ 

(d) Sign structure 4. (c) Sign structure 3. 

Figure B-28. 'Before' sign sequence. Site 6. 



74 

Driver Interviews 

Driver interviews were conducted on both the through and 
ramp directions on Friday, July 9, and Saturday, July 10, 
1971. Of the 29 interviews, 22 were on the exit ramp and 
7 were on the through road. The discrepancy between these 
two amounts reflects the relative erratic maneuver fre-
quency of the two directions. Because of State Police re-
strictions, all interviews were conducted during daylight 
hours. Both interview sites were located in the gore area, 
but out of sight of vehicles approaching the exit ramp. 

Tables B-34 and B-35 give the information received from 
these drivers. These data clearly indicate that ( 1 ) many 
drivers (8 of 22) who committed exiting erratic maneuvers 
had entered the parkway at the right-hand ramp imme-
diately upstream from the exit; (2) six of the seven drivers 

TABLE B-32 

1ST "BEFORE" ERRATIC MANEUVER DATA, SITE 6 

who committed through erratic maneuvers did so because 
they were unaware that their lane would be dropped into 
the exit ramp. Other factors, such as construction ahead 
and poor visibility, led to erratic maneuvers. 

Tables B-36 and B-37 summarize the interview responses 
by question. It appears that many of those making the exit 
erratic maneuvers are familiar with the site-one-half use 
it either every week or once a month. The proportion is 
approximately the same for through erratic drivers. In 
addition, most trips (21 of 29) were less than 50 miles in 
length. Business trips were the predominant trip type 
(15 of 29). Most drivers were sure that they were taking 
the proper exit when they made an exiting erratic ma-
neuver, comfirming that many could not or would not get 
into the left lane in time, probably due to the nearby right-
side entrance ramp. 

- Exitifl& V&Lc1.a Thromah VsIdcles  

• 
g •  . .- 	.... • 	s 	*. • 	.g • . 	k 	- 

L 	A.JIL!i ' 33 2 0 0 	2 0 0 3 	40 12 1 1 0 0 	0 2 16 56 4f 6506 5375 1131 .86 .30 3.53 

10 12 0 0 0 	0 0 0 0 	12 1 0 1 0 0 	0 0 2 14 2 2388 2060 328 .59 .10 3.67 

17 2 3 .3 	0 0 0 0 	25 7 0 2 0 1 	0 1 11 36 5f 8398 6719 1679 .43 .17 1.49 

400000004 5130000 9 13 2 2918 2626 292 .44 .341.37 

0 
3.2 0 00 0 0 0 0 12 8110000102234298 3628 670 .51 .281.79 

otal 78 4 3 3 	2 .0 0 3 	93 33 3 8 0 1 	0 3 48 141 17 24508 20408 4100 .58 .23 2.27 
Day 62 4 3 3 	.2 0 0 3 	77 27 2 4 0 1 	0 3 37 14 13 19202 15722 3480 .59 .23 2.21 

Dar16000000016 6140000112745305 4686 620 .51 .23 3.14 

TABLE B-33 

2ND "BEFORE" ERRATIC MANEUVER DATA, SITE 6 - Izitii VbL1.a Throuh V.bicDa 

! 	.., 
j 	.i• 

001 	020010 	43200000 	9193* 	3436 	42901146 	.35 	.21 	.87 
1000000 	520100001 	4 	92f 	3477 	2757 	720 	.26 	.15 	.69 

7 	0 	1 	0 	1 	2 	0 	1 	12 	9 	3 	3 	0 	0 	0 	0 	0 	15 	27 	4f 	7707 	6066 	1641 	.35 	.25 	.73 
25000001 	8010000001 	921 	4156 	3465 	693.22 	.03 	1.15 

2001100 	9 	10101000 	3 	12 	3 	4395 	3630 	763 	.27 	.08 	1.18 

t125 	8 	1 	1 	2 	5 	0 	2 	44 	16 	7 	7 	0 	1 	0 	0 	1. 	52 	766 	23173 	20206 	6963 	.30 	.16 	.89 
0s71921123013114660j000275$1 	17534139863352 	.33 	.19 	.87 
rk 	6 	6 	0 	0 	0 	0 	0 	1 	13 	2 	1 	1 	0 	0 	0 	0 	1 	5 	18 	5 	7635 	6222 	1413 	.24 	.08 	.92 
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TABLE B-34 

DRIVER INTERVIEW RESPONSES, EXIT RAMP, SITE 6 
Adequate Distin- 

No. Sex State Age 
Exit 
Sac 

Trip 
Type 

Over 
50 mi 

Map 
Use 

Know it 
was Exit? 

Signs 
Clear? 

Advance 
Warning? 

guish 
Location? 

Markings 
Clear? 

E.M. 
Type Remarks 

1 M Pa. <26 Seldom Business No No Yes Yes Yes Yes Yes Core Paint Traffic was backing up on 
through route. 

2 F Pa. 41-55 Seldom Shopping No Na Not Sure Yes Yes Yes Approx. Gore Paint Thought ramp looked like 
St was 2 lanes wide. 	up- 
stream ramp is bad. 

3 M Pa. 41-55 Seldom Recreation Yes Yes Not Sure Yes Yes Yes Yes Gore Paint Cot lost where routes 22 
and 30 split. 

4 M Pa. 41-55 Weekly Business No No Yes Yes Yes Yes Yes Gore Paint Visibility problem. 	Merge 
from upstream ramp is bad. 

5 N Pa. 41-55 Seldom Business No No Yes Roughly Yes Yes Yes Gore Paint Decided at last minute 
to get off to find gas 
station. 

6 F Pa. 41-55 Seldom Business Na Na It Wasn't Yes Yes Yes Yes Gore Paint Thought that exits were 
always on the right. 

F Pa. 26-40 Seldom Shopping Yes No Yes Yes Yes Yes Yes Gore Paint Was avoiding ruts in the 
road. 

8 N Pa. <26 Weekly Comuting No No Yes Yes Yes Yes Yes Gore Area Decided at last minute to 
come this way instead. 

9 N Pa. >55 Weekly Comuting No No Yes Yes Yes Yes Yes Gore Paint Saw thru-route was congest- 
ed. 	Ramp needs paved. 
Signed so well that there 
should be no problems. 

10 M Pa. 26-40 Seldom Shopping No No Yes Yes Yes Yes Yes Gore Paint Knew construction was ahead 
so came this way. 	Hard to 
see at night. 

11 N Pa. 426 Monthly Business No No Yes, last 
minute 

Yes Yes Yes Yes Gore Paint Construction -- decided at 
last minute to coma this 
way. 	Hard to get off if 
got on immediately upstream. 

12 M Pa. 41-55 Monthly Shopping No No Yes Yes Yes Yes Yes Gore Paint Didn't have time to get 
over when he got on at 
upstream ramp. 

13 M Pa. 41-55 Monthly Business No No Yes Yes Yes Yes Yes Gore Paint Came on at last entrance 
and didn't have time to 
get over. 

14 

15 

N 

M 

Mans. 

Pa. 

41-55 

26-40 

Seldom 

Weekly 

Recreation 

Business 

Yes 

No 

No 

No 

Not Sure 

Yes 

Roughly 

Yes 

--- 

Yes 

--- 

Yes 

--- 

Yes 

Gore Paint 

Gore Area 

Nervous and excited. 

Nard to get to exit when 
got an. 	Car in left lane 
wasted thru, so he slowed 
to let him go. 

16 M Pa. <26 Weekly Business No Na Yes Yes Yea Yes Yes Gore Paint Left-hand ramps aren't any 
good. 	Got on upstream and 
couldn't get over. 

17 M Pa. 41-55 Seldom Shopping No No Yes Roughly Barely Yes Yes Gore Paint Left-hand ramps are con- 
fusing. 	More signs 
needed. 

18 M Pa. (26 Weekly Recreation No No Yes Yes Yes Yes Yes Stop in 
Gore 

Picked up hitch-hikers. 
Could be confusing if 
don't pay attention to all 
signs. 

19 N Pa. 26-40 Seldom Recreation Yes No Not Sure Roughly Yes Yes Yes Gore Paint Wife told him at last min-
ute to go this way. 

20 M Pa. 41-55 Weekly Commuting No No Yes Yes Yes Yes Yes Double Lane 
Change 

Changed his mind at last 
minute; decided to go this 
way instead. 

21 M Pa. 26-40 Monthly Shopping No No Yes Yes Yes Yes Yes Gore Paint Truck in his way. 	Could be 
difficult to see the divi- 
sion coming up the hill. 

22 M Pa. 26-40 Yearly Business No N- ------------ Refused to .9mnwe- 	--------------- Gore Paint Design in bad. 	Cannot get 
over from prior on-ramp 

Recommended Remedial Measures 

The erratic maneuvers that drivers made because they en-
tered the freeway at the upstream on-ramp were due to the 
insufficient merge length. It is not clear why these drivers 
choose such a route when an attractive alternative is avail-
able to them. In any case, this is a design problem and not 
amenable to treatment through signing or marking changes. 

It was believed that the rate of through erratic maneuvers 
might be reduced by using remedial signing and delineation 
to make the lane drop more clearly visible. The following 
changes were made: 

I. Yellow EXIT ONLY tabs were placed on Sign 2 (Fig. 

B-29). 
The upward left arrow on Sign 4 was replaced with 

a downward-pointing arrow (Fig. B-29). 
The gore target was replaced with a post-mounted 

EXIT sign, in accordance with current standards (Fig. B-29). 

The lane line separating the exit lane from the 
throughway was painted with an 8-in.-wide solid stripe for 
a distance of 600 ft upstream from the painted gore point. 
This different marking should alert the driver to the im-
pending lane drop (Fig. B-29). 
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TABLE B-35 

DRIVER INTERVIEW RESPONSES, THROUGH ROUTE, SITE 6 

No. 	Sex State Age 
Route 
Use 

Trip 
Type 

Over 
50 mi 

Map 
Use 

Think it 
was exit? 

Identifi- 
cation 

Problems? 
Signs 
Clear? 

Distin- 
guish 

Location? 
Markings 
Clear? 

E.M. 
Type Remarks 

1 	N Pa. 41-55 Monthly Shopping No --- Not Sure Yes No No No Stop-on- Mistookthe through road 

2 	M Rental 41-55 Yearly Business Yes No It Wasn't Yes Roughly --- --- 

Shoulder 

Core Paint 

for the ramp. 

Wanted a warning that 
Pittsburgh was to the 
right. 

3 	M 

4 	M 

Pa. 

Ohio 

41-55 

26-40 

Weekly 

Seldom 

Business 

Business 

No 

Yes 

--- 

No 

Yes 

It Wasn't 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

--- 

Yes 

Gore Area 

Gore Paint 

None. 

Exit cane upon bin too 
fast. 	Didn't realize 

5 	N Pa. 426 Weekly Business Yes No It Wasn't No Yes Approx. Yes Stop in 

that it was a lane drop. 

Needed more advance 
Gore warning. 	Trapped in 

6 	N Nd. 41-55 Seldom Business Yes No Not Sure Yes Roughly Yes Yes Stop in 

gore by another car. 

Watchessigns, not mark- 
Gore ings. 	Signs are unclear. 

Doesn't like left-hand 

7 	N Pa. 26-40 Yearly Business No --- It Wasn't No Yes Yes Yes Stop in 

ramps. 

Caught by through traffi c. 
Gore 

TABLE B-36 

SUMMARY OF DRIVER INTERVIEW RESPONSES, 
EXIT RAMP, SITE 6 

TABLE B-37 

SUMMARY OF DRIVER INTERVIEW RESPONSES, 
THROUGH ROUTE, SITE 6 

NO. 	QUESTION 

19 
3 

21 

5 
6 

10 

7 
4 

10 

3 
6 
9 
4 

4 
18 

3 

15 

4 

17 
4 
0 

19 
1 
0 

20 
0 
0 

19 

0 

RESPONSE 
	

NO. 

Sex Male 7 
Female 0 

Out-of-state Yes 3 
No 4 

Age Less than 26 1 
26-40 2 
41-55 4 
More than 55 0 

Route use Once week 2 
Once month 1 
Once year 2 
Seldom or never 2 

Trip type Commuting 0 
Shopping 1 
Business 6 
Recreation 0 

Trip over 50 miles Yes 4 
No 3 

Map use Yes 0 
No 4 

Did you think it was Yes, all along 1 
exit you wanted Yes, last minute 0 

Not sure 2 
It wasn't 4 

Problem with know- Yes 4 
ing where to go No 3 

Signs clear to you Yes 4 
Roughly 2 
No 1 

Able to distinguish Yes 4 
location Roughly 

No 1 

Markings adequate Yes 4 
Roughly 0 
No 1 

QUESTION 

Sex 

Out-of-state 

Age 

Exit use 

Trip type 

Trip over 50 miles 

Map use 

Did you know it was 
exit you wanted 

Signs clear to you 

Adequate advance 
information 

AbJe to distinguish 
location 

Markings adequate 

RESPONSE 

Male 
Female 

Yes 
No 

Less than 26 
26-40 
41-55 
More than 55 

Once week 
Once month 
Once year 
Seldom or never 

Commuting 
Shopping 
Business 
Recreation 

Yes 
No 

Yes 
No 

Yes, all along 
Yes, last minute 
Not sure 
It wasn't 

Yes 
Roughly 
No 

Yes 
Barely 
No 

Yes 
Roughly 
No 

Yes 
Roughly 
No 
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(a) Sign structure 2. (b) Sign structure 4. 

-- 

b 
(c) Left exit gore sign. (d) Paint striping. 

Figure B-29. Remedial treatiiients, Site 6. 

Post dclineators were installed in the median and gore 
area and along the shoulder. 

All existing paint markings were repainted. 

"After" Erratic Manuver Data 

"After" data were collected on November 4, 5. and 6, 1971, 
at the same times and on the same days of the week as the 
"before" period. 

Table B-38 summarizes the "after" data. The number of 
exiting erratic maneuvers was a great deal higher than the 
through, in both daylight and darkness periods. The high-
est EM rate was for exiting erratic maneuvers at night. 
Total EM rates were virtually the same for daylight and 
darkness, but differed when compared across types. For 
exit erratic maneuvers, the darkness rate was almost twice 
as high as the daytime rate, hut through erratic maneuvers 
were six times higher in daylight than at night. 

Comparison of "Before" and "After" Data 

Table B-39 compares "before' and "after" erratic ma-
neuvers, volumes, and EM rates. Only the second period 
of "before" data was considered, because it more nearly 

resembled the "after" period, except for those effects 
brought on by the remedial treatments. 

A total volume increase of about 2,700 vehicles (about 
tO percent) was observed in the "after" period. All of the 
increase occurred during daylight hours (actually, a slight 
decrease was noted for the darkness period). The volume 
changes appeared to be approximately uniform across the 
through and exiting directions. The volume increase prob-
ably was due to a seasonal fluctuation between the August 
"before" and November "after" periods, rather than to any 
new traffic-generating center that might alter the driver 

population. 
Of primary interest in Table B-39 are the EM rates and 

the level of significance at which they differ statistically. 
The total EM rate was decreased from 0.30 to 0.26 percent. 
However, this change is significant only at the 60 percent 
level. Neither total through nor exit EM rates were statis-
tically significantly reduced, hut both did decrease slightly. 
Only one category—the exit rate taken at night—showed 
an increase, but this difference was not statistically signifi-
cant. The remedial treatment appeared to benefit most those 
drivers who were prone to commit through erratic ma- 
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neuvers at night and those who would make exiting erratic 
maneuvers during the day. 

Generally, the treatment appeared to reduce EM rates, 
although none dramatically. When the "after" rates were 
significantly lower, they were so only at relatively low levels 
of significance. In five of the nine cases the differences were 
not significant, even at the 50 percent level. Figure B-30 
shows the total rates by direction and indicates relatively 
small improvements accomplished by the remedial treat-
ments. 

Evaluation and Recommendations 

The remedial treatments installed at the Churchill exit were 
aimed primarily at correcting the through erratic maneu-
vers caused by the freeway lane drop at the site. Statis-
tically, the results were insignificant. However, in both day-
light and darkness the rates were reduced. Even though 
they are statistically not significant, the results are encour-
aging. The failure to achieve high statistical significance is 
probably due to the small sample; i.e., erratic maneuvers 
occur too infrequently at this site to be compared in a 
powerful statistical manner. 

Many of the exit erratic maneuvers resulted from drivers 
entering at the nearest upstream ramp and having insuffi-
cient weaving space to safely exit at Churchill. These er-
ratic maneuvers are due largely to driver and design char-
acteristics and are not amenable to correction by remedial 
treatments. Because the suggested treatments did not deal 
with this problem it is perhaps not surprising that no sig-
nificant reduction in rates was observed. The solution to 
this problem lies with the highway designer. 

The yellow EXIT ONLY tabs were probably the major 
factor in the reduced through EM rates. Of course, this 
cannot be positively stated, because the tabs were combined 
with the marking changes to form the entire treatment; but 
certainly this change is more noticeable than the lane mark-
ing or gore sign and therefore would be expected to have 
the greatest impact. The tabs were properly positioned to  

give the through motorist adequate time to change lanes. 
There are some drivers, however, who will not be reached 
by any such measures, and for them the only solution is to 
eliminate exit lane drops. 

The following are recommended: 

Exit lane drops should be avoided whenever a reason-
able alternative is available. At existing lane drops, yellow 
EXIT ONLY tabs should be installed at least ¼ mile in ad-
vance of the gore. Where conditions permit, additional 
EXIT ONLY tabs should be erected farther upstream (but not 
as a substitute for having the final tab ¼ to ½ mile from 
the gore). 

An entrance ramp located upstream and on the op-
posite side from an exit ramp should be separated by suf-
ficient distance to permit safe weaving by vehicles using 
both ramps. At Site 6, the entrance ramp is located 1,700 ft 
upstream of the exit, far less than the 6,000 feet advocated 
by the "Highway Capacity Manual" as the length where 
weaving will not be a problem. Obviously this 6,000-ft 
length is not always feasible. [The Northwestern report 
(32) gives 3,000 ft as the minimum spacing.] Where 
weaving lengths of less than 6,000 ft are necessary, how-
ever, it is recommended that a suitable alternative route 
(such as a service road) be provided and that drivers be 
encouraged to use it. 

CASE STUDY 7—JOHN F. KENNEDY MEMORIAL 
HIGHWAY (1.95) SOUTHBOUND AT 

BALTIMORE BELTWAY (1-695) 

Site Description 

Site 7 is located at the junction of John F. Kennedy Me-
morial Highway (1-95) southbound and the Baltimore Belt-
way (1-695) northeast of Baltimore, Md. (Fig. B-3). The 
interchange has a full directional design, with both left and 
right exit ramps. 1-95 is a six-lane divided freeway, a major 

TABLE B-38 

"AFTER" ERRATIC MANEUVER DATA, SITE 6 - Ixitini Vshtcl.I Through V&04.1  

c 

N I. 

z 
1 _L .L 

.170200009 5020000 7163k 5853 4608 1245 .27 .13 .72 

8 0 0 0 0 0 	0 8 1 0 0 0 0 	0 0 	1 9 21 3174 2610 564 .28 .04 142 
p. 

11 0 0 0 0 0 0 11 6 0 0 1 6 	0 0 	7 18 4f 7887 6180 1707 .23 .11 .4 
71000000 1 821 42153564 631 .19.031.08 

1 310 0 0 0 0 6934 000016223 67835983 798 .32 .27 .75 

ots 36320 0004122361000 327316 27912 22947 4965 .26 .14 .83 
04:231200002620361000 303611 20323 16773 3750 .27 .18 .69 
D.r11320000015 2000000 2 113 7389.  6174 ,  L215 .23 .03123 
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TABLE B-39 

COMPARISON OF "BEFORE" AND "AFTER" DATA, SITE 6 

DAY NIGhT TOTAL 

ERRATIC 
MANEUVER TYPE BEFORE 	AFTER BEFORE AFTER BEFORE 	AFTER 

Exit vehicles: 
Gore paint 19 23 6 13 25 36 

Gore area 2 1 6 2 8 3 

Stop in gore 1 2 0 0 1 2 

Backup 1 0 0 0 1 0 

Sudden slow 2 0 0 0 2 0 
Lane change 5 0 0 0 5 0 

Swerve 0 0 0 0 0 0 

Stop on shoulder 1 0 1 0 2 0 

Subtotal 31 26 13 15 44 41 

Through vehicles: 
Gore paint 14 20 2 2 16 22 

Gore area 6 3 1 0 7 3 

Stop in gore 6 6 1 0 7 6 

Backup 0 1 0 0 0 1 

Sudden slow 1 0 0 0 1 0 

Swerve 0 0 0 0 0 0 
Stop on shoulder 0 0 0 0 0 0 

Other 0 0 1 0 1 0 

Subtotal 27 30 '5 2 32 32 

Total 58 56 18 17 76 73 

(a) Volumes 

Total 17538 20523 7635 7389 25173 27912 

Through 13986 16773 6222 6174 20208 22947 

Exit 3552 3750 1413 1215 4965 4965 

(b) EM Rates (%) 

Total EM 0.33 0.27 0.24 0.23 0.30 0.26 

Total Vol. (65) (NS) (60) 

Through EM 0.19 0.18 0.08 0.03 0.16 0.14 

Through Vol. (NS) (55) (NS) 

Exit EM 0.87 0.69 0.92 1.23 0.89 0.83 

Exit Vol. (55) (NS) (NS) 

(NS) = not significant at 50% level of confidence. 
(95) = significant at level of confidence indicated in parentheses. 

PA. 130 	1-76W 	 PA. 130 	1-76W 

route for north-south travel, and connects with the Harbor 	 / 
Tunnel Thruway at Baltimore. 

Figure B-3 1 shows the plan view of the site. The out-
side or right-hand lane of 1-95 is an exit lane drop with the 
ramp connecting to 1-695 westbound. A left-hand ramp, 	0.17% 	0.17% 	 0.14% 	0.12 Y. 

located downstream from the first exit, was not studied 
TOTAL E.M.-79 

because of the low volumes encountered for the exit. 	 TOTAL RATE=0.261/6  

Figure B-32 shows the signing sequence. The first ad- 	 I 
vance sign is mounted off the shoulder and indicates that 
the Beltway junction is two miles away. The message TOTAL EM. 76 

EXITS 2 on top of the sign means that the Beltway (1-695) 	 TOTAL RATE'0.30% 

is Exit 2 and there is more than one exit. The exit number 	 I 
is not carried forward to any of the other exit signs. The 
second set of signs is on an overhead structure one mile 	(a)BEFORE TREATMENT 	 (b) AFTER TREATMENT 

from the gore. Down arrows are used under the messages 	Figure B-30. "Before" and "after" erratic maneuver 

for lane assignments. At this point, unfamiliar motorists 	comparison, Site 6. 
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Figure B-31. Plan view of exit area, Site 7. 

do not know that the right lane will become an exit lane. 
The final sign (Sign 3) is an overhead gore sign approxi-
mately 300 ft from the gore. The legends are identical to 
those on the previous set of signs, except that the arrows 
are slanted upward for directional guidance. Except for 
the view of the geometry ahead, the motorist in the right 
lane still is not informed of the impending lane drop. There 
is no EXIT sign in the gore area. All the signs follow Inter-
state specifications and are illuminated. 

A solid white line separating the middle lane from the 
lane drop extended approximately 300 ft from the gore 
markings. Gore delineation consisted of a diamond-shaped 
hazard marker, gore paint lines, and a few delineators in 
the gore area. The interchange area is illuminated. 

"Before" Erratic Maneuver Data 

"Before" data were collected on Thursday, Friday, and 
Saturday (June 3, 4, and 5, 1971). Table B-40 is a sum-
mary of erratic maneuvers, volumes, and EM rates. A total 
of 143 erratic maneuvers were observed in just over 13 hr, 

for a total rate of 0.80 percent. Although there were nearly 
twice as many through erratic maneuvers as there were for 
exiting, the rate of exiting erratic maneuvers (0.95 per-
cent) was greater than the through rate (0.74 percent). 
This is true for both day and night observations. The total 
EM rate for night (0.58 percent) is lower than the day rate 
(0.83 percent). A large majority of the erratic maneuvers 
were of the "cross gore paint" or "cross gore area" variety. 

Driver Interviews 

Driver interviews were conducted during the day at three 
different dates—June 14 and 15, June 23 and 24, and 
November 11 and 12. The third set of interviews was taken 
after the remedial measures (described later) were installed 
and evaluated. All the interviews were taken on 1-95 for 
motorists who made erratic maneuvers and continued 
through. A total of 44 interviews were obtained—I 8 before 
and 26 after the treatment. 

Table B-41 gives the interview responses. Of the 18 
motorists interviewed "before," 7 mentioned that they did 
not have sufficient warning of the lane drop. During the 
"after" interviews, five more respondents claimed they were 
not aware of the lane drop. 

Comments made by eight motorists were that "the ramp 
came up too fast" and "the signs should be back farther." 
One motorist said that the signs were too far apart. (Note 
that the exit directional signs are located one mile and 
300 ft from the gore.) Drivers who were not entirely 
certain of their proper lane after passing the one-mile sign 
received no further information until they approached the 
overhead gore sign. By the time motorists who were in the 
lane drop had read and reacted to the sign message, they 
were committed to at least crossing over the gore markings 
to continue on 1-95. Hence, these motorists believed that 
the sign should be placed farther upstream (or there should 
be a supplemental -sign) so they would have sufficient time 
to position themselves in the proper lane. 
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TABLE B-40 

"BEFORE" ERRATIC MANEUVER DATA, SITE 7 - lxiting V.bScl.a  

wuI 
11 1.,  i 1,  C 

10 3 0 1 0 0 0 1 	15 34 3 0 0 0 8 1 26 41 3 4635 3084 1531 .88 .84 .97 

NODAXA --- RAIN 

11 6 0 0 0 0 0 4 	21 28 4 5 	0 0 0 3 40 61 5 7242 5064 2478 .84 .79 .96 

..310 02006 631120007132 2215 1670 542 .59 .421.11 

.5010 0 00 2 	8144210202331 2 3744. 2772 972 .83 .53 .82 

otal 29 10 1 1 2 0 0 7 	50 59 11 8 	3 0 10 2 93 143 131 17836 12590 5246 .80 .74 .95 
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(a) Sign structure 1. 

(c) Sign structure 3. 
Figure 13-32. 'Before" rig/i .veqiu'llCe, Site 7. 

Twelve motorists were confused by the sign messages for 
one reason or another. One motorist who wanted to exit 
for the Beltway rejected the exit because he did not want 
to go to ''oi. rs.—a message that was on the exit sign. 

Six motorists were simply not snrP of their desired direc-
tion. This hesitancy in deciding which route to take re-
sulted in an erratic maneuver. Seven drivers admitted that 
either inattentiveness to the signs or distraction by passen-
gers was the primary cause for their erratic maneuvers. 

Table 13-42 is a summary of the responses for each ques-
tion. Some of the more noteworthy findings are: 

I. Most of those interviewed were out-of-state drivers 
who were on a private business or rccreation/ pleaiii e trip 

more than 50 miles long and had seldom used this route. 
Surprisingly, almost one-half of the drivers inter-

viewed had not used a map in planning their routes. 
One-half of those interviewed thought either it was 

their exit or were not sure it was. Also. 50 percent of the 

motorists had problems in knowing where to go upon 
approaching the interchange. 

(b) Sign structure 2. 

Eighteen drivers said that the sign messages were not 

clear to them. 
Although most motorists were able to distinguish the 

location of the ramp. 30 percent thought the pavement 
markings were not adequate. 

Recommended Remedial Devices 

Based on the results of the erratic maneuver data and the 
driver interviews, the following information deficiencies 
were identified: 

Drivers using the outside or right lane of 1-95 were 
not adequately informed of the impending lane drop. At 
the one-mile advance exit sign, a downward arrow was used 
to assign exiting traffic to the right lane. However, this 
signing technique is frequently used at interchanges that 
do not have exit lane drops. Hence, those desiring to 
continue thought they could remain in the right lane. 

The second (and last) sign was not located at an 
adequate distance from the exit gore area to allow moloi-

ists to maneuver into the proper lane. An additional exit 
directional sign should have been located ½ or ¼ mile 
from the exit gore. 

The comments made in reference to "sign message 
confusion" probably result from the presence of TUNNEL 

THRUWAY on the sign legend. Unfamiliar motorists travel-
ing south might not be aware that they have to go through 
the Harbor Tunnel to continue toward Washington. 

The exit gore and ramp area were not adequately 
delineated. Although a few delincators were installed 
throughout the area, there was no distinct line pattern to 
outline the ramp and gore area. 

lo satisfy these deficiencies, the following remedial mea-
sureS were recommended to the Maryland State Highway 

Administration: 

1. Yellow EXIT ONLY tabs should be placed on the two 
overhead exit signs to inform motorists of the lane drop. 
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TABLE B-41 

DRiVER INTERVIEW RESPONSES, SITE 7 

	

Route 	Trip 	Over 	Mop 	Think it 	cation 	Signs 	guJh 	Markings 	E.M. No. Sen State 	Age 	Use 	Type 	50 ml. Use 	was Exit? 	Problems? Clear? Location? Clear? 	Type 	 Remarks 11 	H 	Md. 	426 	Weekly Business 	Yes 	No 	Not Sure 	Yes 	Roughly Yes 	Roughly Crossed Gore Romp came up too fast. 

	

Paint 	Need signs farther back. 

	

2 	F 	Va. 	<26 	Yearly Recreation 	Yes 	Yes 	Not Sure 	Yes 	Yes 	Yes 	Yes Crossed Gore Couldn't make up mind 

	

Paint 	for best route. 
3 	M 	Mo. 	41-55 	Seldom Recreation 	Yes 	Yes 	It Wasn't 	Yes 	No 	Yes 	Yes Crossed Core Thought that he could 

	

Paint 	stay in right lane for 
1-95. Need an EXIT ONLY 

s 

ign for right lane. 

	

4 	H 	N.H. 	26-40 	Yearly Recreation 	Yes 	No 	It Wasn't 	No 	Yes 	Yes 	Yes Crossed Gore Was caught in right lane 

	

Area 	 by other cars. Sigma 
need to be farther back. 

	

5 	H 	Comm. 41-55 	Seldom Business 	Yes 	Yes 	Yes 	 Yes 	Roughly Roughly 	Yes Crossed Core Ramp came up too quickly. 

	

Paint 	Shouldmove sigma far- 
ther back. 

	

6 	H 	N.J. 	>55 	Yearly Business 	Yes 	No 	It Wasn't 	Yes 	No 	Roughly Roughly Cross Core 	Signs not back for enough. 

	

Area 	 Arrow on sign does not 
give clear indication 
that 1-95 vehicles should 
move in to left lane. 

	

7 	H 	N.J. 	41-55 	Seldom Business 	Yes 	Yes 	It Wasn't 	Yes 	No 	Yes 	Roughly Stop in Gore Sign didn't say Baltimore 
Beltway.Didn't know 
where to go to get on 
1-695. 

	

8 	H 	Mass. >55 	Seldom Recreation 	Yes 	Yes 	It Wasn't 	No 	Yes 	Yes 	Yes Crossed Gore Thought that right lane 

	

Paint 	would continue thru. 

	

9 	H 	W.Va. >55 	Yearly Recreation 	Yes 	Yes 	Yes 	 Yes 	No 	No 	No 	Stop in Core Confused by sign. 

	

SO 	M 	Md. 	41-55 	Monthly Business 	No 	No 	It Wasn't 	No 	 --- 	Yes 	Roughly Crossed Gore No particular problems. 
Paint 

	

11 	F 	Pa. 	).55 	Seldom Recreation 	Yes 	Yes 	It Wasn't 	No 	Yin 	Yes 	Yes 	Sudden 	No reason. 

12 N N.J. 26-40 
Slowing 

	

Weekly Boniness 	Yes 	No 	It Wasn't 	No 	Yes 	Yes 	Yes Crossed Core Distracted by passenger. 
Paint 

	

13 	F 	Mann. 26-40 	Yearly Business 	Yes 	No 	It Wasn't 	No 	Yes 	Yes 	Roughly Back-up 	Need exit sign clearly 
saying exit. 

	

14 	H 	Va. 	41-55 	Yearly Business 	Yes 	Yes 	It Wasn't 	No 	Yes 	Yes 	Yes Crossed Core Need more warning of 

	

Paint 	exit ramp. 

	

15 	p 	Md. 	>55 	Yearly Business 	Yes 	No 	Not Sure 	Yes 	No 	Yes 	No 	Crossed Core Didn't know lane turned 

	

Paint 	into exit ramp. 

	

16 	H 	Pa. 	41-55 	Seldom Recreation 	Yes 	No 	it Wasn't 	Yes 	Roughly Yes 	No 	Crossed Core Confused by Beltway sign. 

	

Paint 	Signs should be further 
back. 

	

17 	F 	Quebec <26 	Yearly Recreation 	Yes 	No 	Not Sure 	Yes 	Roughly Yes 	Yes Stop in Core Confused by Beltway sign. 

	

18 	H 	Pa. 	41-55 	Yearly Business 	Yes 	No 	Not Sure 	No 	Yes 	Yes 	Yes Crossed Gore Was unsure of way to go 

	

Paint 	to Baltimore. 

	

19 	M 	Md. 	41-55 	Seldom Business 	No 	No 	Yes, last 	No 	No 	No 	No 	Crossed Gore Thought he could stay in 
minute 	 Paint 	right lane and then saw 

exit at last minute. 

	

20 	H 	Pa. 	<26 	Seldom Recreation 	Yes 	Yes 	It Wasn't 	No 	Yes 	--- 	--- Crossed Core Didn't notice EXIT ONLY 

	

Paint 	tab. Had been in right 
lane all the way. 

	

21 	H 	N.Y. 	<26 	Yearly Business 	Yes 	Yes 	It Wasn't 	Yes 	Yes 	Yes 	Yes Crossed Core Was in right lane all the 

	

Paint 	way and didn't see Emit 
Lameuntil bit minute -- 
didn't notice EXIT ONLY 
tab. 

	

22 	M 	N.J. 	26-40 	Seldom Business 	Yes 	Yes 	Not Sure 	Yes 	Roughly Roughly 	--- Crossed Core Was looking for Wash. 

	

Paint 	Beltway. Thought 695 was 
itand then decided at 
last minute it wasn't. 
Didn't notice EXIT ONLY 
sign. 

	

23 	M 	Coon 41-55 	Seldom Business 	Yes 	Yes 	Not Sure 	Yes 	Yes 	Yes 	Yes Stop-on- 	Stopped to check map 

	

Shoulder 	for directions -- 
thought they might be 
at Wash. 

24 	N- 	Ohio 41-55 	Seldom Business 	Yes 	No 	Yes 	 No 	Yes 	--- 	--- Crossed 	Was just confused about 

	

Gore Paint 	direction -- did notice 
yellow EXIT ONLY -- didnb 
know meaning. 

	

However, the yellow tab was installed only on the last 	THRUWAY—BALTO & WASH to BALTIMORE—WASHINGTON 
overhead gore sign (Fig. B-33). 	 Although this recommended change seemed desirable, it 

Although it was not feasible to erect an overhead sign 	was not implemented. 

	

for ihis project, it was recommended that an additional sign 	4. Delineation should be enhanced at the exit ramp. 

	

be placed ½ mile from the exit. 	 Double amber delineators should be placed on the outside 
The Administration had already proposed that the 	edge of the right lane beginning 100 ft before the overhead 

	

message for the middle sign panel be changed from TUNNEL 	gore sign. Amber delineators should also be placed on the 
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TABLE B-41 (continued) 

Ideotifi- 	 Distin- 

Route 	Trip 	Over 	Map 	Think it 	cation 	Signs 	guish 	Markings 	E.M. 

	

No. 	Sex State 	Age 	Use 	Type 	50 mi. Use 	was Exit? 	Problems? Clear? Location? Clear? 	
Type 	 Remarks 

	

25 	F 	N.Y. 	>55 	Yearly Business 	Yes 	Yes 	
Not Sure 	No 	Yes 	--- 	--- 	Crossed 	Just momentarily coo- 

Gore Paint 	fused and realized pro- 
per direction at last 
minute. 

	

26 	F 	Plo. 	26-40 	Seldom Business 	Yes 	
Yes 	Not Sure 	No 	Roughly --- 	--- 	Crossed 	Was confused by Beltway 

Gore Paint 	sign. Thought that maybe 
she should take Beltway 
around but changed mind 
at last minute. 

	

27 	F 	N.Y. 	>55 	Seldom Recreation 	Yes 	Yes 	
Not Sure 	Yes 	Yes Roughly 	--- 	Stop-on- 	Sun glare -- couldn't 

Shoulder 	read message. 

	

28 	N 	Ala. 	41-55 	Yearly Business 	Yes 	No 	
It Wasn't 	Yes 	No 	Yes 	No 	Crossed 	No comment. 

Gore Paint 

	

29 	N 	Md. 	41-55 	Seldom Business 	No 	
No 	 --- 	Back-up 	Son had as accident -- 

was in hurry to get to 
him -- probably dis-
tracted. 

	

30 	N 	Md. 	26-40 	Weekly Business 	Yes 	
No 	It Wasn't 	No 	Yes 	Yes 	Yes 	Crossed 	Knew it was lane drop but 

Gore Paint 	stayed in right lane be- 
cause he was going slow. 

	

31 	N 	Pa. 	>55 	--- 	--- 	 Ye- 	--- 	--- 	
--- 	 --- 	Crossed 	He didn't see sign until 

Gore Paint 	last minute --- sign 
should have been back 
further. 

	

32 	M 	N.Y. 	> 55 	Yearly Recreation 	Yes 	Yes 	
It Wasn't 	Yes 	Yes 	Yes 	Yes 	Crossed 	Bothered by sun -- 

Gore Paint 	couldn't see well. 

	

33 	F 	N.Y. 	26-40 	Seldom Recreation 	Yes 	Yes 	
It Wasn't 	No 	Yes 	Yes 	Yes 	Stop-on- 	Not sure of route. 

Shoulder 

	

34 	N 	N.Y. 	>55 	Yearly Recreation 	Yes 	
Yes 	It Wasn't 	No 	Yes 	Yes 	No 	Crossed 	Signs too far apart -- 

Gore Paint saw EXIT ONLY -- means 
one way. Couldn't see 
ramp until last minute. 

	

35 	N 	N.Y. 	41-55 	Yearly Recreation 	Yes 	No 	
It Wasn't 	No 	Yes 	Yes 	Yes 	Crossed 	Wasn't sure of which way 

Gore Paint 	to go -- didn't see EXIT 
ONLY. 

	

36 	N 	Del. 	26-40 	Yearly Recreation 	Yes 	Yes 	
Not Sure 	Yes 	No 	Yes 	No 	Crossed 	Signs need to be moved 

Gore Area 	back. Confused about 
US 40. 

	

37 	N 	N.Y. 	> 55 	Yearly Recreation 	
Yes 	Yes 	Yes, last 	No 	Yes 	Yes 	Yes 	Crossed 	Confused about 695 -- 

minute 	
Gore Paint thought it might be 495 

-- didn't notice EXIT 
ONLY. 

	

38 	M 	Del. 	<26 	Seldom Business 	
Yes 	No 	Not Sure 	Yes 	No 	Yes 	Yes 	Crossed 	Wanted Beltway but was 

Gore Paint 	confused by York destina- 
tion. Didn't know what 
EXIT ONLY tabs meant. 

	

39 	M 	Arie. 26-40 	Seldom Business 	
Yes 	Yes 	It Wasn't 	Yes 	No 	Yes 	Yes 	Crossed 	Didn't know where 95S 

Gore Paint 	went. Signs too late. 
Didn't understand what 
Tunnel Thruway mmant. Did 
not see EXIT ONLY tabs. 

	

40 	N 	Ohio 	c26 	Seldom Recreation 	
Yes 	Yes 	Yes 	 Yes 	No 	Yes 	Yes 	Sudden 	Wanted  

Slowing 	

know  695 E but didn't 
if York was right 

direction. Didn't know 
cities used on signs. 
Wanted directions to D.C. 
Did not see EXIT ONLY 
tabs. 

	

41 	P 	N.J. 	41-55 	Yearly Recreation 	
Yes 	No 	It Wasn't 	No 	Roughly Roughly 	No 	Crossed 	Wasn't paying atteetioo 

Gore Paint to sigma. Romp came up 
on her fast. Didn't see 
EXIT ONLY sign. Couldn't 
make op mind to go thru 
tunnel. 

	

42 	F 	Md. 	41-55 	
Seldom Boainess 	No 	No 	Ins 	 Yes 	Yes 	Yes 	Yes 	Sudden 	Wasn't paying attention. 

Slowing 	Didn't see EXIT ONLY 
tabs. We were talking 
and missed exit. 

43 	M 	N.J. 	26-40 	Seldom Recreation 
	Yes 	Yes 	Yes 	 No 	Yes 	Yes 	Yes 	Crossed 	Confused by Et. 40 sign. 

Gore Paint Not sure of right direc- 
tion. Did not see EXIT 
ONLY tabs. 

44 	M 	Minn. 26-40 	Weekly Business 	
Yes 	No 	It Wasn't 	No 	No 	Yes 	Yes 	Crossed 	Signs should be back fur- 

Gore Paint 	ther. Did not see EXIT 
ONLY signs -- not enough 
warning of exit. 

numbers 1 through 18 were "before" treatment and 19 to 44 were "after" treatment. 

inside edge of the exit ramp beginning at the gore. Crystal 	sign should be located in the gore area. Except for the 

delineators should be installed on the outside edge of the 	gore sign, the delineation treatments recommended were 

through lanes beginning at the gore. A post-mounted EXIT 	installed. 
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TABLE B-42 

SUMMARY OF DRIVER INTERVIEW RESPONSES, 
SITE 7 

QUESTION RESPONSE NO. 

Sex Male 33 
Female 11 

Out-of-state Yes 37 
No 7 

Age Less than 26 	' 7 
26-40 11 
41-55 15 
More than 55 11 

Route use Once week 4 
Once month 1 
Once year 18 
Seldom or never 20 

Trip type Commuting 0 
Shopping 0 
Business 25 
Recreation 18 

Trip over 50 miles Yes 40 
No 4 

Map use Yes 22 
No 18 

Did you know it was Yes, all along 12 
exit you wanted Yes, last minute 2 

Not sure 7 
It wasn't 22 

Problems with know- Yes 21 
ing where to go No 21 
Signs clear to you Yes 22 

Roughly 7 
No 11 

Able to distinguish Yes 31 
location of ramp Roughly 5 

No 2 
Markings adequate Yes 23 

Roughly 5 
No 8 

"After" Erratic Maneuver Data 

Data collection for the "after" period took place on Oc-
tober 14, 15, and 16, 1971. The hours used were the same 
as in the "before" study. Table B-43 indicates there was 
a considerable number of erratic maneuvers-273, and a 
total EM rate of 1.50 percent. Through erratic maneuvers 
(158) accounted for the majority, but their rate (1.29 per-
cent) was lower than that for exiting vehicles (1.85 per-
cent). Erratic maneuvers at night were lower than during 
the day. 

Comparison of "Before" and "After" Data 

Table B-44 compares "before" and "after" erratic maneu-
vers, volumes, and EM rates. Surprisingly, the number of 
erratic maneuvers and the rates increased significantly in 
all categories after the remedial treatments were installed. 
The total EM rate for the "after" study (1.50 percent) is 
nearly twice as large as for the "before" study (0.80 per-
cent). Exiting erratic maneuvers increased substantially 
more than did through erratic maneuvers. Statistical analy-
sis showed that all the increases were significant, most of 
them at the 95 percent level. The lowest level of signifi-
cance occurred in the category of exit erratic maneuvers at 
night. 

The reasons for this increase in erratic maneuvers are 
not entirely clear. Even without the remedial treatments, a 
slight reduction in erratic maneuvers might have been ex-
pected due to a theorized lesser number of unfamiliar driv-
ers during the "after" study (October vs June traffic). How-
ever, it is possible that just the opposite occurred. The 
"after" volumes were slightly higher than the "before" 
volumes—there is no way to know whether the increase 
is attributable to an increase in unfamiliar drivers. 

It is unlikely that the remedial treatments (the yellow 
EXIT ONLY tabs on the overhead gore sign and the upgraded 
delineation) were the cause of the increased erratic ma-
neuvers. The EXIT ONLY tabs may not have been effective 
because they were located on a sign too close to the gore 

TABLE B-43 

"AFTER" ERRATIC MANEUVER DATA, SITE 7 
- Exiti& 

. 
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5 	
1 
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: 	•: 
3 	. 	AI 	

j U • ! 
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50 
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3 

11 10 0 0 0 1 0 3 25 33 12 1 1 0 0 	0 0 	47 72 21 4644 3015 1629 1.55 1.56 1.53 

otsi 59 31 6 2 3 3 1 8 115 101 49 2 2 1 0 	2 1 	.58 273 134 18456 12231 6225 1.50 1.29 1.8 

0ay5028 6 2 3 5 1 8103 9441 2 2 0 0 	2 1 	.42245 11416138 10518 5640 1.31 1.35 1.83 

Dark93000000Z 780 . 0100016282 22981713 585 1.220.932.05 
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Fignre B-33 Signing change, Site 7. 

TABLE B-44 
COMPARISON OF "BEFORE" AND "AFTER" DATA, SITE 7 

DAY NIGIU I UI AL 

MANEUVER TYPE 

ERRATIC  
BEFORE 	AFTER BEFORE AFTER BEFORE AFTER 

Exit vehicIc: 
50 3 9 29 59 

Gore paint 26 
3 10 31 

Gore area 9 28 1 
1 6 

Stop in gore 1 6 0 0 
2 

Back up 1 2 0 0 1 
2 3 

Sudden slow 0 3 2 0 
5 

Lane change 0 5 0 0 0 
1 

Swerve 0 1 0 0 0 
7 8 

Stop on shoulder 7 8 0 0 

Subtotal 44 103 6 12 50 115 

Through vehicles: 
7 59 101 

Gore paint 56 94 3 
11 '19 

Gore area 10 41 1 8 
0 8 2 

Stop in gore 7 2 1 
3 2 

Back up 1 2 2 0 
0 1 

Sudden slow 0 0 0 1 
10 0 

S',vcrvc 10 0 1) 0 

2 2 
Stop on shoulder 2 2 0 0 

1 
Other 0 1 0 0 0 

Subtotal 86 142 7 16 93 158 

Iota! 130 245 13 28 143 273 

(a) Volumes 

Total 15621 16158 2215 2298 17836 18456 

Through 10920 10518 1670 1713 12590 12231 

Exit 4701 5640 542 585 5246 6225 

(b) EM Rates (cf) 

Total EM 0.83 1.51 0.58 1,22 0.80 1.50 

Total Vol. (>95) (>95) (>95) 

Through EM 0.79 1.35 0.42 0.93 0.74 1.29 

Through Vol. (>95) (90) (>95 ) 

Exit EM 0,94 1.83 1.11 2.05 0.95 1.85 

Exit Vol. (>95) (70) (>95) 

(NS) 	not significant at 50 	level of confidence. 
(95) - significant at level of confidence indicated in parentheses 
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TOTAL 	EM.- 273 
TOTAL RATE'I.50% 

TOTAL EM 	43 
TOTAL RATE-O.SO% 

TREATMENT 	 (b) AFTER TREATMENT 

Fzgui'e B-35. Exit area. Site 8. 
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area. Perhaps motorists could not read and react to the 
EXIT ONLY message in time to avoid encroaching on the 
gore 

Figure B-34 shows "before" and "after" erratic nlaneu-
ver data. The numbers at the ends of the arrows are the 
percentage of erratic maneuvers to the total volume. Note 
that the rates increased for both through and exiting 
maneuvers. 

In an effort to explain the increase in erratic maneuvers. 
driver interviews were again taken for vehicles continuing 
through: results are given in 'Fable B-40. The same factors 
stated in the "before" study (sign confusion, insufficient 
advance warning, distraction, and uncertainty of direction) 
were reiterated in the "after" study interviews. 

Evaluation and Recommendations 

A significant increase in erratic maneuvers occurred at this 
site after the remedial treatments were installed. The cause 
of this increase is not entirely clear, but it is not believed 
likely that the increase was a result of the "improvenlents" 
made. The treatments employed—a yellow EXIT ONLY tab 
and clelineators—were only part of it system recommended, 
but not fully implemented. Had the entire treatment sys-
tem been used, the EM rate might have been reduced. 

It appears that the erratic maneuvers that are occurring 
at this location are a direct result of the following: 

The presence of a right-hand-exit lane drop without 
adequate signing. 

The lack of additional directional signing, located 
½ mile to ¼ mile from the exit gore. 

The confusion created in the motorists' minds by the 
sign messages. Part of this confusion is due also to poor 
trip planning by the driver. 

Although the results per se of this study do not support 
the use of the remedial treatments used, the following 
recommendations are posed as a general guide: 

I. Exit lane drops should be avoided in future design. 
Where a lane drop is warranted because of a decrease in  

the through volumes, it is recommended that the lane be 
dropped beyond the interchange area. 

Where exit lane drops exist, an overhead exit direc-
tion sign, incorporating yellow EXIT ONLY tabs (or the mes-
sage THIS LANE MUsT EXIT), should be used. This sign 
should be located approximately ¼ to ½ mile in advance 
of the gore point. 

The lane line between the exit lane drop and the 
adjacent through lane should be a solid white line for a 
distance of 1.000 ft from the gore. 

EXIT signs should be placed in the gore to highlight the 
location of the ramp and gore area. It is recommended 
that they be installed even where overhead gore signs exist. 

CASE STUDY 8—BALTIMORE-WASHINGTON 

EXPRESSWAY TO HARBOR TUNNEL THRUWAY 

Site Description 

The Site S exit ramp is located on the Baltimore-Washington 
Expressway (which serves as Md. 3 near Baltimore) at the 
intersection with the Harbor Tunnel Thruway south of 
Baltimore (Fig. B-3). Until the recent opening of 1-95 
between Baltimore and Washington, D.C., the Expressway 
was the primary north-south route and was designated as 
Temporary 1-95. The Expressway (also known as the 
Baltimore-Washington Parkway) is a four-lane divided fa-
cility that connects the Washington Beltway (1-495) and 
the Baltimore Beltway (1-695). The exit has a direct taper 
deceleration lane with the ramp sharply dipping to the right. 
out of the approaching motorist's view (Fig. B-35). 

Figure B-36 shows the sign sequence for this exit. The 
first advance sign, located off the shoulder, is approxi-
mately one mile from the interchange. The sign does not 
indicate how far away the exit is, nor does it give any route 
numbers. The second sign, also post-mounted, informs the 
motorist to keep right for the Harbor Tunnel Thruway. 
Again, no route number is shown. Located less than 1/4 

mile from the exit is an overhead structure (Sign 3): the 
left sign directs Baltimore traffic straight ahead, and the 
right sign indicates exiting directions for the Tunnel. New 
York, and North. The final sign, with the message HARBOR 
rUNNEI. r}-IRuwAy NORTH, is located in the gore area. The 

95 

'1 
(a) BEFORE 

Figure B-34. ''Before" and "after' erratic maneuver 
COFflparisOn, Site 7. 



(a) Sign structure 1. 
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(b) Sign structure 2. 

(c) Sign structure 3. 

Figure 8-36. Before' Sign sequenCe, Site 8. 

(d) Sign structure 4. 

interchange is illuminated, but there is no delineation of the 
area, except for standard gore markings and ramp edge 
Ii ne. 

"Before" Erratic Maneuver Data 

The first set of "before" data was collected on Thursday, 
Friday, and Saturday, June 3, 4, and 5. 1971. Observations 
on Thursday were curtailed due to rain. There were 127 
erratic maneuvers in the 9-~,;-hr period, for a total EM rate 
of 0.63 percent (Table B-45). Compared to the other case 
sites, this location had a low EM rate. 

Most of the erratic maneuvers were made by drivers who 
eventually exited. The exiting EM rate was 1.29 percent, as 
compared to only 0.11 percent for the through erratic 
maneuvers. The night EM rates were nearly identical to 
the day rates for both exiting and through vehicles. 

Most of the erratic maneuvers consisted of encroachment 
on the gore paint. However, 12 vehicles were observed 
changing more than one lane within the deceleration lane 
distance in order to exit. 

Another set of "before" data was collected on August 12, 
13. and 14, more than a month after the opening of 1-95  

between Washington and Baltimore. With a significant di-
version of traffic from the Expressway to 1-95, it was be-

lieved that a different population of drivers would be using 
the study exit. Therefore, it was necessary to collect addi-
tional "before" data to allow for a more valid comparison 
with data collected after any remedial changes. 

Table B-46 gives the summary of the data for the sccoid 
"before" study. During this period only 109 erratic ma-
neuvers were observed during more than 17 hr, for a rate 
of only 0.39 percent. As in the first "before" study, most 
of the maneuvers were made by exiting vehicles, which 
accounted for a 0.87 percent rate. Again, the night rate 
was nearly the same as the day rate. The lower rate ob-
tained in the second "before" study is due to the diversion 
of traffic from the Expressway to 1-95. For the first study, 

the hourly exiting volume was slightly more than 900 ye-
hides: in the second study, it had decreased to about 620 
vehicles. it is likely that with the opening of 1-95 fewer 
nonfamiliar motorists are using the Expressway. Those 
drivers following 1-95 from the south would continue on 
that route between Washington and Baltimore. 
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Driver Interviews 

Interviews were taken on two weekdays, June 15 and 23, 
1971. The interview station was located on the exit ramp 
to the Harbor Tunnel Freeway. No interviews were con-
ducted for motorists making erratic maneuvers and con-
tinuing through on Md. 3. 

Table B-47 gives the interview responses of 19 motorists, 
including 2 at night. The most frequent response made 
concerning the causation of the erratic maneuvers was "did 
not see any sign for 1-95." Two respondents stated they 
had difficulty distinguishing the location of the exit ramp. 
With the exit ramp dipping out of view, this comment is 
understandable. Three motorists stated they were confused 
and were not sure of their direction. One motorist knew 
he wanted to continue on 1-95, but was not aware he had 
to go through the Harbor Tunnel. 

Table B-48 is a summary of the responses to each ques-
tion. As could be expected, all of the drivers were out-of-
state, and most had seldom or never before used this exit. 
All of the trips were long distance. Five motorists indicated 
they had not used a map for trip planning. Ten respondents 
thought the signing did not clearly indicate that it was their 
exit, and nine thought there was insufficient advance warn-
ing. Nine motorists had difficulty in distinguishing the exit 
ramp. 

Recommended Remedial Measures 

To reduce the erratic maneuvers that were occurring, the 
following recommendations were presented to the Mary-
land State Highway Administration: 

1. Because the most frequent response from the inter- 

TABLE B-45 

1ST "BEFORE" ERRATIC MANEUVER DATA, SITE 8 

Exiting V.hicl.. Throu&b Vs1ic3..  

. 	I. 	. 	. I 	L ' 	2 
. 	S 

40 .SS. . 	.. 	eo 
L_ .L • 21 000220025 20001014 29 21 3693 3812 1881 .51 0.10 1.33 

NO DAtA 

54 0 1 1 	2 4 0 5 67 1 0 	2 0 2 1 1 7 74 4j 9741 5352 4389 .76 0.13 1.53 

7000130011 00001001 12 if 1875 1000 873 0.64 010 1.26 

i 7 0 0 1 	0 3 0 1 12 0 0 	0 0 0 0 0 0 12 14 2934 1167 1767 0.14 0.0 0.68 

Total 89 0 1 2 	5 12 0 6 115 3 0 	2 0 4 1 2 12 127 91 20243 11331 8912 0.63 0.11 1.29 

Da:820124906104 302031211115$18368 10331 8037 0.63 0.11 1.29 

Dark 7000130011 0000100112 if 1875 10008750.640.10 1.26 

TABLE B-46 

2ND "BEFORE" ERRATIC MANEUVER DATA, SITE 8 

- Ixitic& vablelas Thoizh 	.bic1.a  

I A 

g I ij 	j 	••I.. nIh I i ..i - 
18002051 228 1010000230 5 10044 6%8 3096 .30 .03 .90 

1 50000101 7 1031000 512 2f2088 1319 27 .57 .331.21 

140321,1210332010000 336 4f 838548633322  .43 .06 .94 

1011230311 2000001 314 21 3231 1839 1398 .43 .16 .79 

6011160116 0.000001 117 3 4398 2088 2310 .39 -.03 .69 

otal. 44 0 5 6 	4 27 	2 7 95 6 0 	5 1 0 0 	2 14 09 17j 28152 17247 10905 .39 .08 .87 

Day 38 0 4 5 	2 23 	2 3 77 3 0. 	2 0 0 0 	1 6 83 14 22827 13899 8928 .36 .04 .86 

Dark 601124041$ 3031001j 26 5 5325 33" 1977 .49 .24 41. 
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TABLE 13-48 

SUMMARY OF DRIVER INTERVIEV RESPONSES. 
SITE 8 

QUESTION RESt'ONSE NO. 

Sex Male 14 
Female 5 

Out-of-state Yes 19 
No 0 

Age Less than 26 3 
26-40 7 
41-55 7 
More 	than 	55 2 

Exit use Once week 0 
Once month 2 
Once year 2 
Seldom or never 14 

Trip type Commuting 0 
Shopping 0 
Business 9 
Recreation 9 

Trip over 50 miles Yes 18 
No 0 

Map use Yes 13 
No 5 

Did you know it was Yes, all 	along 10 
exit YOU wanted Yes, 	last 	minute 3 

Not sure 4 
It wasn't 0 

Signs clear to YOU Yes 7 
Roughly 0 
No 10 

Adequate advance Yes 7 
information Barely 4 

No 5 

Able to distinguish Yes 7 
location of ramp Roughly 6 

No 3 

Markings adequate Yes 8 
Roughly 6 
No 

TABLE B-49 

"AFTER" ERRATIC MANEUVER DATA, SITE 8 

each man'iiver. Note that the through erratic maneuvers 
are negligible for both studies and that the exiting rate 
decreased from 0.34 to 0.18 percent. 

Eva!uation and Recommendations 

One obvious information deficiency that contributed to the 
erratic maneuvers was the lack of directions for 1-95. To 
eliminate this condition the first advance exit sign was 
changed to provide directional information for 1-95. Based 
on the statistically significant (90 percent level of confi-
dence) reduction of exiting erratic maneuvers, this re-
medial device has improved operations and safety at this 
site. 

The sign change apparently helped daytime drivers more 
than night drivers. Possibly, the limited view of the ramp 
geometry has a more detrimental effect at night, despite the 
presence of illumination. A reduction in night erratic ma-
neuvers might have occurred with enhanced delineation 
such as post delineators and additional pavement markings. 

Another deficiency was noted concerning the geometric 
design. Because the exit ramp curved downward and 
sharply to the right, the approaching motorist's view of the 
ramp area was severely restricted. This limited sight dis- 

Figure B-37. Revised si,',i, Site 8. 

Exitia Vh1e1, Tbyou,ih Vie1..a  

• 
0 

- - t 

'120000 0 0214 00300003175 8736 668720.49 .19 .04 .68 

6010000070000000072 1356 1020 336 .320.00 2.08 

7 1 	0 3. 0 2 0 	0 11 1 0 1 	0 0 0 0 2 13 4f 8601 6042 2539 .15 .03 .43 

30002001 61000000172 1933 1323 612 .36 .08 .98 

I.. 
6000000061000000173 4203 29431260 .17 .03 .4* 

ot.1. 34 1 	1 1 2 2 0 	3 44 3 0 4 	0 0 0 0 7 51 161 24831 18015 6816 .21 .04 .63 

Day 25 1 	0 1 0 2 0 	2 31 2 0 4 	0 0 0 0 6 37 121  21340 1572 3*68 .17 .04 .33 

Dak9010200113 10000001144 3291 2343 948 .43 .04 1.37 
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tance, combined with a short direct taper deceleration lane, 	MD 3 
TUNNEL 	

MD 3 	
TUNNEL 

resulted in erratic driving. Improving this situation would 	 THRUWAY 	
I

(THRIWAY 

require a change in geometrics. 	 I 	 i
From the results of this study the following recommen- 	o.b,' 

.34  

dations are made: 
I TOTAL E.M5I 

Route number directions should be provided in exit 	
TOTAL RATE O.2I%

I 	 I 
signing Most motorists especially those on long distance 
trips have planned their trips around route numbers They 	 TOTAL E.M.109 

like to be assured continually that they are on the proper 
route and of the direction that should be followed to stay on 	 I 
that route. 	 I 	 I 

Where an exit ramp has limited sight distance due to 	 I 	 I 
ramp curvature, a full-width deceleration lane should be 	ta BEFORE TREATMENT 	 (b) AFTER TREATMENT 

provided. This will allow motorists to decelerate in an 	Figure B-38. Before" and after" erratic maneuver corn pan- 
auxiliary lane and better negotiate the ramp curve. 	 .ccm, Site 8. 

TABLE B-SO 

COMPARISON OF "BEFORE" AND "AFTER" DATA, SITE 8 

DAY NIGHT TOTAL 

ERRATiC 

MANEUVER TYPE BEFORE 	AFTER BEFORE AFTER BEFORE 	AFTER 

Exit vehicles: 
Gore paint 38 25 6 9 44 34 

Gorearea 0 1 0 0 0 1 

Stop in gore 4 0 1 1 5 1 

Backup 5 1 1 0 6 
Sudden slow 2 0 2 2 4 2 

Lane change 23 2 4 0 27 2 

Swerve 2 0 0 0 2 0 

Stop on shoulder 3 2 4 1 7 3 

Subtotal 77 31 18 13 95 44 

Through vehicles: 
Gorepaint 3 2 3 1 6 3 

Gorearea 0 0 0 0 0 0 

Stop in gore 2 4 3 0 5 4 

Backup 0 0 1 0 1 0 

Sudden slow 0 0 0 0 0 0 

Swerve 0 0 0 0 0 0 

Stop on shoulder 1 0 1 0 2 0 

Subtotal 6 6 8 1 14 7 

Total 83 37 26 14 109 51 

(a) Volumes 

Total 22827 21540 5325 3291 28152 24831 

Through 13899 15672 3348 2343 	- 17247 18015 

Exit 8928 5868 1977 948 10905 6816 

(b) EM Rates (%) 

Total EM 0.36 0.17 0.49 0.43 0.39 0.21 

Total Vol. (>95) (NS) (>95) 

Through EM 0.04 0.04 0.24 0.04 0.08 0.04 

Through Vol. (NS) (85) (85) 

Exit EM 0.86 0.53 0.91 1.37 0.87 0.64 

Exit Vol. (>95) (65) (90) 

(NS) = not significant at 50% level of confidence. 
(95) = significant at level of confidence indicated in parentheses 
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Fig,,ie fl-39. Evil ramp, Site 9, 

CASE STUDY 9—HARBOR TUNNEL THRUWAY, EXIT 15 

Site Description 

Site 9 is located in the Baltimore. Md., area on southbound 

Harbor Tunnel Thruway (1-95) at Exit 15 (Fig. B-3 ) . The 

exit ramp connects to Md. 3 and the southbound Baltimore-

Washinitoji Expressway ( l'arkway) . The Harbor Tunnel 

Thruway is a four-lane divided freeway and, at present, is 
a section of 1-95. The exit ramp is a right-hand exit with 
a long, full-width lane for deceleration. The sight distance 
to the exit gore area is adequate, hut is somewhat limited 

by the overpass structure (Fig. B-39). 

During the site-selection observation period, several er-

ratic maneuvers were noted at the exit gore area. At that 

time, the Baltimore-Washington Expressway was designated 
as Temporary 1-95. Motorists traveling to Washington. 

D.C.. and points south had to exit from the Harbor Tunnel 

Thruway at this exit. On July 4, 1971 (after the initial 

"before" observation period), a new section of 1-95 opened 

to traffic between Washington, D.C., and Baltimore. Those 

desiring to continue on 1-95 were routed past Exit IS and 

dircctcd to Exit 16, farther down the Tunnel I hruway. 'Ihe 

rerouting resulted in a significant diversion of traffic be-

tween the 'before" and "after" study periods. Rather than 

delete this site from the study it was decided to use the 

erratic maneuver observations and driver interviews to de-

termine the causation factors before the diversion and to 

ascertain how the erratic maneuvers changed with the 
diversion. 

Figures 8-40 and B-41 show the signing sequence for this 
exit. Approaching the exit ramp, the first advance notice 

of the exit is provided by a post-mounted sign. The legend 
shows that the next exit is WASH EXPwy, but does not indi-

cate that it is the exit for 1-95. The next sign (Sign 2) is 

another post-mounted sign, located in the median. The sign 

indicates that the next exit is for 1-95. Rather than a 

standard Interstate shield, the abbreviation tNT 95 is used 

in the legend. The third advance sign is also a post-

mounted sign indicating that the next exit is for tNT 95 & 
AIRI'ORT. The fourth sign is an overhead structure with the 

right panel displaying the legend wsi-t EXPWY-PARKWAY, 

with an upward-slanting arrow. Also, an 1-95 shield, with 

directional arrows, was placed at the bases of the two verti-

cal poles. Another post-mounted sign (Fig. B-41 ) imme-

diately precedes the deceleration lane. This sign does not 

indicate that users of 1-95 should exit there. An additional 

ovcrhcad sign (Sign 6) on the overpass bridge has the same 

message as the previous post-mounted sign. Finally, a post-

mounted sign in the gore area shows the exit number and 

destination message. Attached to a vertical post of the gore 
sign is an 1-95 shield. Except for the post-mounted gore 

sign, the background panels for the signs were blue rather 

than the standard green. Also, none of the advance warning 

signs indicated the mileage to the exit. 

Standard painted edge lines, gore markings. and red and 

white striped reflective panels are used to delineate the gore 

area. The entire interchange area is illuminated. 

'I'ABLF B-SI 

"BEFORE" ERRAFICMANEtJVER DATA. SITE 9 

Exiting Vehicles hro.gh  Vehicles  

o 

, 12 0 1 1 0 0 0 0 14 2 0 1 	0 0 0 0 	3 17 21  2439 849 1590 .59 .35 .88 

' 440 D A T A COLLECTED 
n 

, 21 0 5 2 0 4 1 3 36 1 0 2 	1 1 0 0 	5 41 9 4514 1160 3354 .90 .43 1.07 

" 6 0 6 2 0 3 0 1 18 0 0 0 	0 0 0 0 	0 18 1' 834 174 660 2.16 0 2.72 

, 10 0 2 1 0 2 0 1 16 0 0 0 	0 1 0 0 	1 17 2 2253 321 1932 .75 .31 .83 

Tot1 49 0 14 6 0 9 1 5 84 3 0 3 	1 2 0 0 	9 93 10 10040 2504 7536 .93 .36 1.11 

Dy 43 0 8 4 0 6 1 4 66 3 0 3 	1 2 0 0 	9 75 Bf 9206 2330 6876 .81 .39 .96 

Da'k 6 0 6 2 0 31 0 1 18 0 	0 0 0 0 	0 18 1XI  834 174 660 2.16 0 2.72 
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: 

(a) Sign structure 1. 

(c) Sign structure 3. 

Figure 11-40. Before" sign sequence. Site 9. 

(b) Sign structure 2. 

(d) Sign structure 4. 

"Before" Erratic Maneuver Data 

The "before" observations of erratic maneuvers were con-

ducted on Thursday, Friday. and Saturday. June 3. 4. 

and 5. 
Table B-5 I gives erratic maneuver types, volumes, and 

EM rates. Only 21/2  hr of data were collected during day-

light hours on Thursday: no data were collected at night 

because of rain. 
For an apparently adequately designed exit terminal, this 

exit showed a somewhat high rate of erratic maneuvers. A 

total of 93 erratic maneuvers occurred in 10 hr of observa-
tion, for an EM rate ot nearly I percent of the total traffic. 

Surprisingly, there were substantial numbers (24 for both 
exiting and through) of "stop-in-gore" and 'hack-up" 

erratic maneuvers at this site. 
The greater percentage of erratic maneuvers was made 

by vehicles exiting from the Tunnel Thruway. Note also 
that exiting volumes were nearly three times larger than 

through volumes. The EM rate at night (2.16 percent) was  

more than twice as great as the day rate. All the night 

erratic maneuvers involved exiting vehicles only. 

Driver Interviews 

A total of 29 interviews, including 5 night interviews, were 

conducted on June 14. 15, and 23. Interviews were con-

ducted for exiting vehicles because this movement ac-

counted for the majority of erratic maneuvers. 
Table B-52 gives the interview responses. Of the 29 

drivers interviewed. 19 mentioned that the signing for 1-95 

was inadequate in one way or another. Some motorists 

did not see it "until the last minute"—prohably meaning 

that they saw the 1-95 shields on the gore sign. One motor-

ist, seeing the 1-95 shield mounted on the left and right 

posts of the overhead sign (Sign 4). interpreted it to mean 

that 1-95 went both ways. Another motorist stated that an 

1-95 indication should he on the overhead sign. 

The reasons three respondents gave for their erratic ma-

neuvers were not directly related to any information de- 
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(a) Sign structure 5. (b) Sign structure 6. 

haq 

(c) Sign structure 7. 

I'igure /1-4/ 	Before' sign sequence (continued) Site 9 

ficiency or indecision on their part. Five motorists under-
stood the sign messages but were just not sure of their 
direction. Three motorists gave no apparent reason for 
their unusual maneuver. 

Table B-53 gives the number of responses for each ques-
tion. Most of those interviewed were male and between the 
ages of 26 and 55 years. Nearly all the drivers were out-
of-state and had never before or had seldom used this exit. 
Most trips were of the "pleasure or recreation" variety, 
and everyone was traveling a distance of more than 50 
miles. Nearly one-third of the interviewees did not use 
a map in planning their trips. These results indicate that 
those who made erratic maneuvers were on a lengthy plea-
sure trip and seldom, if ever, had used this exit before. 

The responses to certain questions indicated that signing 
information provided to the driver was deficient. Sixteen  

motorists stated that they were not sure or did not know 
it was the exit they wanted: 19 said the signs did not clearly 
indicate that it was their exit: and 14 stated that they did 
not have sufficient advancc information. Few itiotojists 

mentioned that they had problems in identifying the exit 
aiiip, and iiearly all believed that the pavement markings 

were inadequate. 

Recommended Remedial Measures 

After the "before" data were collected it was learned that 
a new section of 1 95 would open, rcsulting in a diversion 
of traffic at the study site. Rather than rccommcnd ie-
medial measures for the erratic maneuvers that were then 
occurring, it was decided to take "after diversion" observa-
tions to determine how the erratic maneuvers might change. 

New signing was installed for the exit (Fig. B-42). The 
motorists were given a choice of two exits for Washington, 
D.C. Those desiring to use the Washington Parkway were 
told to use Exit 15: those wishing to stay on 1-95 were 
directed to Exit 16. Unlike the previous signs, these signs 
had 1-95 shields. Also, all the signs were changed from 
blue to standard Interstate green backgrounds. 

"After" Erratic Maneuver Data 

The "after diversion" data were collected on August 12. 13. 
and 14, more than a month after the re-signing of the exit. 

Table B-54 gives the erratic maneuver data for the "after" 
study. There was a considerable number of erratic ma-
neuvers, with a total rate of 1.09 percent. The rate is higher 
for exiting vehicles, but there also is a high rate (0.67 per-
cent) for through vehicles. The exiting EM rates at night 
are higher than the day rates. Volumes were heavy, with 
a larger percentage of traffic continuing through rather than 
exiting. Apparently more drivers prefer to use 1-95 than 
the Washington Expressway. 

As in the "before" data, there was a large number (47) 
of "stop in gore" and "back up" erratic maneuvers. Also, 
there were 36 "stop-on-shoulder" maneuvers. It was no- 
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TABLE B-52 

DRIVER INTERVIEW RESPONSES, SITE 9 
Adequate Distin- 

Route Trip Over Map Know it Signs 	Advance guish Markings 5.5. 

No. Sex State Age Use Type 50 ml. Use was Exit? Clear? 	Warning? Location? Clear? Type Remarks 

1 M S.C. 426 Seldom Recreation Yes Yes It Wasn't No No Yes No Double Lane Thought 1-95 going both 
Change ways was shown on signs to 

this ramp. 

2 M Md. 26-40 Weekly Business Yes No Yes Yes No Yes Yes Crossed Signs were a little con- 
Gore Paint fusing. 

3 N Mass. 26-40 Seldom Business Yes No Not Sure Yes No Yes Yes Sodden Signing at gore seemed to 
Slowing show next exit was one he 

wanted. 

4 N N.Y. <26 Seldom Recreation Yes Yes Yes Roughly Yes Yes Yes Crossed Though that signs showed 
Gore Paint that 1-95 was in left lamé 

rather than in right lane. 

5 M N.J. 41-55 Seldom Recreation Yes Yes Yes Yes Yes Yes Yes Double Lane Driver did not understand 
Change English. 	In U.S. for the 

first time. 

6 M N.J. 41-55 Seldom Recreation Yes Yes Yes, last No Barely Yes Yes Crossed Thought 1-95 went straight 

minute Gore Area ahead but saw small 1-95 
sign on right at last min- 
ute. 

7 P Fla. >55 Yearly Recreation Yes No Yes Yes Yes Yes Yes Stopped on Pulled off on shoulder to 
Shoulder get comfortable. 

B N N.J. 41-55 Yearly Business Yes No Yes Roughly Yes Yes Yes Stopped in No reason stated. 
Gore 

9 P S.C. 26-40 Seldom Recreation Yes No Not Sure Roughly Barely Barely Yes Stopped in Didn't know how to get to 
Gore 1-95. 	Didn't know what 

letter N or S meant on 1-95 
shield. 

10 P Pa. 26-40 Seldom Recreation Yes Yes Not Sure Roughly Barely Yes Yes Slowed in Need a bigger 1-95 sign 
Gore further back. 

11 M Pla. >55 Seldom Recreation Yes No Not Sure Roughly No Yes Yes Stopped in Signs didn't say Richmond. 
Lane 

Seldom Recreation Yes Yes Yes Yes Yes Yes Yes Crossed 1-95 sign was too small 

12 M N.Y. 426 Gore Paint and vague. 

Seldom Recreation Yes Yes Not Sure Roughly Yes Yes Yes Stopped in 1-95 sign was confusing. 

13 M Mans. 41-55 Gore 

14 5 Plo. 41-55 Seldom Recreation Yes Yes Not Sure Yes Yes Yes Yes Crossed Just didn't know if they 
Gore Paint wanted 1-95 or not. 

15 M N.J. <26 Seldom Recreation Yes Yes Not Sure Roughly No No Yes Back-up Needed more advance warning•  

16 M N.Y. 26-40 Seldom Business Yes No Yes Yes Yes Yes Yes Swerve Not sure 1-95 went to 1-495. 

17 M Plo. >55 Seldom Recreation Yes Yes Yes, last Roughly --- Yes Yes Sudden Didn't see 1-95 signs. 

minute Slowing 

M Go. 26-40 Seldom Recreation Yes Yes Not Sure Yes --- Yes Yes Back-up Driver saw 1-95 sign at 
19 last minute and stopped 

to check it over. 

19 N N.Y. 41-55 Seldom Recreation Yes Yes Yes Roughly --- Yes Yes Stop in 1-95 sign was too small. 
Gore 

20 P N.Y. 26-40 Seldom Recreation Yes Yes Not Sure Roughly Barely Yes Yes Double Lane Didn't see 1-95 sign until 
Change last minute. 

21 N N.Y. 26-40 Yearly Recreation Yes No Not Sure RoUghly Barely Yes Yes Stop in Not enough information and 
Gore didn't notice 1-95 sign 

until last minute. 

22 F N.Y. 41-55 -Seldom Recreation Yes Yes Yes, last Roughly Barely Yes Yes Stop in Didn't see 1-95 sign until 

minute Gore last minute. 

23 N N.J. >55 Seldom Recreation Yes Yes Not Sure No No Yes Yes Double Lane Need an overhead sign for 
Change 1-95. 

24 N Ala. 26-40 Seldom Business Yes No Not Sure No --- Yes Yes Back-up Was passing truck and didslt 
seesigns. 	Saw 1-95 sign 
at last minute. 

251  N Pa. <26 Yearly Recreation Yes Yes Not Sure Roughly Barely Yes Yes Back-Up Inadequate signing for 1-95. 

26 N Mach. 26-40 Seldom Recreation Yes Yes Not Sure Roughly Barely Yes Yes Crossed 1-05 sign not big enough. 
Gore Paint 

27 5 N.Y. 26-40 Seldom Recreation Yes Yes Not Sure Roughly --- Yes Yes Crossed Gore 1-95 sign too small. 
Paint 

28 F Conn. 26-40 Seldom Recreation Yes No Yes, last Yes Yes Yes Yes Back-up Signs are clear, but 

minute didn't know if they 
wanted to go this way. 

29 F N.J. 26-40 Yearly Recreation Yes Yes Yes Yes Yes Yes Yes Crossed Gore 
Paint 

Ramp came up too fast. 

Moe. 25 thru 29 were taken at night. 

ticed that many of the motorists who stopped checked 
their maps. 

Comparison of "Before" and "After" Study 

Table B-55 gives "before" and "after" data. Total EM 
rates remained nearly identical-0.93 percent to 1.09 per- 

cent. Through erratic maneuvers increased from 9 to 52; 
through volume increased by a factor of three. The change 
in through EM rates (from 0.36 percent to 0.67 percent) 
was significant at the 90 percent level of confidence. 

Although the number of exiting erratic maneuvers re-
mained the same, exiting volume decreased by 37 percent. 
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TABLE B-53 

SUMMARY OF DRIVER INTERVIEW RESPONSES, 
SITE 9 

QUESTION RESPONSE NO. 

Sex Male 22 
Female 7 

Out-of-state Yes 28 
No 1 

Age Less than 26 5 
26-40 13 
41-55 7 
More than 55 4 

Exit use Once week 1 
Once month 0 
Once year 5 
Seldom or never 23 

Trip type Commuting 0 
Shopping 0 
Business 5 
Recreation 24 

Trip over 50 miles Yes 29 
No 0 

Map use Yes 19 
No 10 

Did you know it was Yes, all along 9 
exit you wanted Yes, last minute 4 

Not sure 15 
No 1 

Signs clear to you Yes 10 
Roughly 15 
No 4 

Adequate advance Yes 10 
information Barely 8 

No 6 
Able to distinguish Yes 27 
location No 2 
Markings adequate Yes 28 

No 1 

This decrease caused the maneuver rate to increase from 
1.11 to 1.77 percent, which was significant at a level of 
confidence greater than 95 percent. 

That 1-95 traffic was no longer being directed into this 
exit is revealed in the volume data. The exiting volume 
decreased considerably, while the through volume greatly 
increased. This new diversion was probably the cause of 
the increase in EM rates. 

Figure B-43 shows the increase in through erratic ma-
neuvers in the "after" study. The numbers at the ends of 
the arrows are the percentage of through or exiting erratic 
maneuvers to the total volume passing through the area. 
Note that for the "before" study, of the total traffic, 
0.84 percent made an exiting erratic maneuver, whereas 
only 0.09 percent made a through erratic maneuver. For 
the "after" study these figures changed to 0.67 percent for 
exiting and 0.42 percent for through. The exiting EM rate 
decreased, whereas the through rate drastically increased. 

Evaluation 

Because of the diversion of traffic from Exit 15 to Exit 16, 
it is not possible to directly evaluate the sign changes that 
were made. Traffic that normally would have left the 
Thruway at Exit 15 now continues on 1-95 to Exit 16. 

In the "before" study the high rate of erratic maneuvers 
was attributable largely to sign deficiency. Motorists were 
not adequately informed that to continue on 1-95, which is 
the route they were following, they should exit at the Wash-
ington Parkway exit. The small 1-95 shields used were not 
placed on the sign panels and were not easily seen by the 
motorist. 

The EM rate for the "after" study increased slightly. 
The cause for high through erratic maneuvers is not entirely 
evident. The signing was improved and the routing for 1-95 
was clearly shown. The high rates could be attributed to 
the new routing for 1-95. Motorists who formerly had used 
Washington Parkway to go to Washington, D.C., and points 
south were probably uncertain which exit to take. Because 

TABLE B-54 

"AFTER" ERRATIC MANEUVER DATA, SITE 9 
- Esiticg Vehicles Throsgh Vehicles  

41  
. . , 

'1 1° 
I z 	z 	z 

6 0 1 2 0 	1. 0 4 14 1 0 2 	1 0 0 	5 9 23 2f 3213 1998 1215 .72 .45 1.15 

NO D A T A COLLECTED 
n 

14 0 8 4 0 	2 0 4 32 5 0 13 	1 4 0 	5 28 60 46  5192 3299 1893 1.16 .85 1.69 

a 
5 0 2 0 0 	1 0 3 11 3 0 0 	0 0 0 	1 4 15 11  1149 645 504 1.31 .62 2.18 

7 0 6 4 2 	0 0 8 27 1 0 3 	0 1 0 	6 11 38 2 2917 1776 1141 1.30 .62 2.37 

otal 32 0 17 10 2 	4 019 84 10 018 2 5 017 52136 10 12471 7718 4753 1.09 .67 1.77 

Day 27 0 15 10 2 	3 0 16 73 7 0 18 	2 5 0 16 48 121 8 11322 7073 4249 1.07 .68 1.72 

Dark 5 0 2 0 0 	1 0 3 11 3 0 0 	0 0 0 	1 4 151 111 1149 645 504 1 1.31 .62 2.18 
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(a) Sign structure 1. 
	 (b) Sign structure 2. 

AII 

TO 	 - '..?i 'mIWASHINGTON 	li 
½ NILE IEXPWY-PWY!J 

- 

(c) Sign structure 3. 
	 (d) Sign structure 4. 

the Section of 1-95 between =:nB 
on :e 

had 
 
oad 

maps. Hence, drivers would not he entirely certain of their 

for vehicles continuing 

6~0 through, time did not permit this. 

(e) Sign structure 5. 

I-i,'u,e 13-42. Revised sign eqiienee. Site 9. 
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HARBOR TUNNEL 	 HARBOR TUNNEL 

TOTAL E.M. 136 I 	TOTAL RATE I O9f 	I 

TOTAL E.M.= 93 
TOTAL RATE093% 

(a) BEFORE TREATMENT 	 (b)AFTER TREATMENT 

Figure B-43. 'Before" and "after" erratic maneuver com-
parison, Site 9. 

TABLE B-55 

COMPARISON OF "BEFORE" AND "AFTER" DATA, SITE 9 

ERRATIC 
DAY NIGHT TOTAL 

MANEUVER TYPE BEFORE AFTER BEFORE AFTER BEFORE AFTER 

Exit vehicles: 
Gore paint 43 27 6 5 49 32 
Gore area 0 0 0 0 0 0 
Stop ingore 8 15 6 2 14 17 
Backup 4 10 2 0 6 10 
Sudden slow 0 2 0 0 0 2 
Lane change 6 3 3 1 9 4 
Swerve 1 0 0 0 1 0 
Stop on shoulder 4 16 1 3 5 19 

Subtotal 66 73 18 11 84 84 

Through vehicles: 
Gore paint 3 7 0 3 3 10 
Gore area 0 0 0 0 0 0 
Stop in gore 3 18 0 0 3 18 
Backup 1 2 0 0 1 2 
Sudden slow 2 5 0 0 2 5 
Swerve 0 0 0 0 0 0 
Stop on shoulder 0 16 0 1 0 17 

Subtotal 9 48 0 4 9' 52 

Total 75 121 18 15 93 137 

(a) Volumes 

Total 9206 11322 834 1149 10040 12471 
Through 2330 7073 174 645 2504 7718 
Exit 6876 4249 660 504 7536 4753 

(b) EM Rates (%) 

Total EM 0.81 1.07 2.16 1.31 0.93 1.09 
Total Vol. (90) (80) (75) 
Through EM 0.39 0.68 0.00 0.62 0.36 0.67 
Through Vol. (85) -" (90) 
Exit EM 0.96 1.72 2.73 2.18 1.11 1.77 
Exit Vol. (>95) (NS) (>95) 

(NS) = not significant at 50% level of confidence. 
(95) = significant at level of confidence indicated in parentheses 

Sample size too small for statistical test. 
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PROBLEM STATEMENT 

Today's freeway system is complex, and requires that the 
motorist be supplied with a great deal of information 
throughout the entire length of highway, but especially at 
several specific locations. One such location is the exit gore 
area—that area at which an exit ramp diverges from the 
through roadway. This transition area demands that the 
motorist, particularly the motorist unfamiliar with the area, 
rapidly process a large amount of information. The infor-
mation is supplied by any one or a combination of the 
following sources: (1) view of geometry, (2) signing, and 
(3) delineation. 

The location of the gore is usually perceived easily dur-
ing daylight hours, but with considerably more difficulty 
during darkness. At night the motorist can no longer rely 
primarily on a direct view of the geometry—instead he 
must depend on signing and delineation to supply the 
necessary information. However, the post-mounted EXIT 

sign situated in the gore area is the only sign in the entire 
standard signing sequence that gives any indication of the 
location of the gore, and even this sign may be misleading 
because of inconsistencies in the distance at which it is 
placed from the nose of the gore area. Hence, delineation 
is probably the most beneficial information source to the 
motorist exiting at night because it outlines and, therefore, 
pinpoints the location of the gore. 

The most widely used delineation treatment for the exit 
gore area is pavement markings in the form of diagonal 
gore markings and edge lines. However, paint markings 
lose their effectiveness (1) through wear and (2) during 
inclement weather when a thin film of water on the road-
way lessens their visibility. Thus, traffic engineers have 
searched for better means of delineating the gore area and 
have experimented with various delineation devices. 

The primary objective of this study was to measure the 
effects of the presence of gore area delineation on driver 
performance at night. A secondary objective was to deter-
mine which, if any, of the various delineation devices is 
most effective in terms of certain specific traffic perform-
ance measurements. The ultimate goal was to find the gore 
area delineation treatment that contributes the most to bet-
ter use of the deceleration lane and, thus, safer exiting 
maneuvers. 

EXPERIMENTAL DESIGN 

The general approach to the study was to record field data 
on several traffic performance measurements. Two right-
hand exits along high-speed highways were selected as the 
test sites. The first site is on the Penn-Lincoln Parkway 

* By R. W. Felsburg. 

eastbound at Exit 17, Carnegie, just west of Pittsburgh, Pa. 
This exit (Fig. C-i) is designed with a parallel lane type 
of deceleration lane that is 260 ft long. The second site, 
located on the west side of Harrisburg, Pa., involves a ramp 
that directs motorists who are driving north on 1-83 to the 
continuation of 1-83 into Harrisburg. This site was de-
signed with a direct taper deceleration lane with the geo-
metrics shown in Figure C-2. Both sites were selected on 
the basis that very little, if any, delineation was present, and 
preliminary observations revealed that motorists encoun-
tered considerably more difficulty at these exits at night 
than they did during the day. 

The sites were first studied under the existing delineation 
conditions; in both cases this consisted of moderately worn 
pavement markings. Three delineation treatments, involv-
ing the use of post delineators, raised pavement markers 
(RPM's), and a combination of the two devices, were then 
installed; the data collection process was repeated for each. 
At present, no definitive standards exist for the use of 
delineation in the gore area. [General guidelines are pro-
vided in the MUTCD (29) .] Therefore, test patterns had 
to be developed specifically for this study. Figure C-3 
shows the patterns used for the post delineator and the 
RPM treatments; the combination treatment consisted sim-
ply of the simultaneous installation of these two patterns. 

CRITERIA OF EFFECTIVENESS 

In dealing with any highway treatments that are intended 
to improve safety and operations, the two best approaches 
to measuring the effectiveness of the treatments are the 
comparative accident analysis procedure and the erratic 
maneuver method. However, both of these techniques re-
quire a long time, and present other difficulties. Probably 
the third best procedure is to measure traffic performance 
characteristics. The short time required in this approach 
makes it very appealing. Therefore, it was decided to mea-
sure the point of entry of the exiting vehicles into the 
deceleration lane and their speeds at that point because it 
was believed that these measures could reasonably reflect 
the effects of the delineation on traffic behavior. 

It is desirable that an exiting vehicle enter the decelera-
tion lane near the lane's beginning, to take advantage of the 
entire deceleration length. These speed-change lanes are 
designed to allow an exiting vehicle to leave the main road-
way and decelerate to the ramp speed without adversely 
interfering with the through traffic. The criterion that is 
used to determine the length of a deceleration lane is the 
speed difference between the throughway and the ramp. 
Thus, if a vehicle maintains its position in the through 
traffic and does not exit until near the end of the decelera-
tion lane, it must decelerate while still in the flow of through 
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Figure C-3. Delineatio,I test pat ferns. 

traffic to safely negotiate the ramp. This action affects the 
speed of the through traffic and increases the possibility of 
the exiting vehicle being involved in a conflict with a 
through vehicle. It is believed that proper delineation will 
act as an advance warning device as well as an information 
source and, therefore, will assist the driver in his exiting 
maneuver and encourage him to enter the deceleration lane 
near its beginning. 

When vehicles are exiting in a group it is desirable that 
uniformity exist in the point of exiting for the vehicles in 
that platoon. If there is great variation in this measure, 
conflicts may exist between exiting vehicles. For example, 
a vehicle that exits near the beginning of the lane may be 
forced to suddenly decelerate or quickly maneuver to give 
way to a vehicle that does not enter the lane until farther 
down the road. Therefore, uniformity within the group 
reflects safer operations. 

Regarding speeds, the hypothesis was that if the decelera-
tion lane is properly designed for full deceleration, an exit-
ing vehicle can and should enter the lane at a speed that is  

equal to the velocity of the through traffic. It seems logical 
that traffic operations are considered to be safer when an 
exiting vehicle does not begin to decelerate until positioned 
in the speed-change lane. The deceleration of an exiting 
vehicle in the through lane may force a following car to 
decelerate—this hinders the flow of traffic and may cause 
an accident. 

Such deceleration is often initiated by a motorist who 
cannot easily locate the exit gore and, therefore, slows 
down to increase his searching capability to ensure that he 
does not pass the exit unknowingly. It is believed that 
delineation, which aids the motorist in distinguishing the 
gore, will eliminate this cause of deceleration in the through 
lane. 

DATA COLLECTION METHOD 

It was necessary that the method of measuring the point of 
exiting be free of any devices that would have to be placed 
on the roadway surface and thereby possibly interfere with 
normal driver behavior. Therefore, at the Carnegie site the 
exiting paths of the vehicles were recorded on film by use 
of an 8-mm motion-picture camera. The vantage point of 
the camera was an overpass located near the gore and 
facing the flow of traffic. During daylight hours a grid 
system was established for the site by measuring points 
located at equal intervals along the imaginary line that 
separates the deceleration lane from the through lane. A 
"floating" grid, a grid at headlight height rather than on the 
road surface, was developed by using a target mounted on 
a pole at headlight height. By placing the camera on a 
tripod at a set position and by using certain reference 
points, this grid was overlaid on the night films to measure 
the point at which the right headlight, and thus the vehicle, 
entered the deceleration lane. This was accomplished 
through the use of a stop-action projector. 

Although it was believed that this method would produce 
extremely accurate measurements, the quality of the films 
did not permit such accuracy. Even at this site where the 
vantage point was very close to the gore, large distances on 
the roadway appeared extremely small on the film. This 
finding, combined with the fact that slight halos were 
formed around the headlights on the films, suggested that 
the data should be recorded only as being within one of the 
equal segments into which the length of the deceleration 
lane had been divided. The filming process has other dis-
advantages. Sites with the required vantage point are diffi-
cult to find, and much preparation is required in the de-
velopment of a grid system. The film and its development 
are expensive, and the data reduction is extremely time-
consuming. Therefore, a different approach was used at the 
second site. 

The Harrisburg exit was constructed with a pavement 
joint between the deceleration lane and the through lane, 
and the speed-change lane was segmented by pavement 
joints. It was discovered that an observer at a position 
above and beside the roadway could readily view the joints, 
which created natural markings on the pavement. Black 
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painted lines supplemented the pavement joints and ap-
peared to the driver as simply more joints. Thus, an ob-
server manually recorded the segment in which a vehicle 
entered the deceleration lane. This method resulted in the 
same accuracy as the filming technique and allowed mea-
surement of a larger sample size in the same time period 
because no vehicles were missed while the film was being 
changed. 

Radar meters, strategically placed at the begining of the 
deceleration lane or in the gore area, were used to measure 
the exiting speeds. 

Although all two-axle vehicles using the exit were in-
cluded in the sample, not all of them were recorded as being 
alike. It was believed that motorists in assorted traffic con-
ditions would be affected by the delineation in different 
manners—e.g., the driver who is exiting in the presence of 
other vehicles would react differently to the delineation than 
would the motorist who is the only one on the roadway. 
Therefore, as they were recorded, the vehicles were classi-
fied as being in one of three categories. These classifica-
tions were defined in terms of the traffic conditions: 

Free-flowing vehicle—a single vehicle that leaves the 
throughway when there are no other vehicles in the vicinity 
of the exit that could in any way influence the driver's 
behavior. 

Single vehicle exiting in the presence of others—a 
single exiting vehicle whose operation could be influenced 
by the presence of other cars in the area of the exit. This 
case occurs primarily in two situations: when another car 
is continuing through as the test vehicle is exiting; or when 
another car is on the ramp, but positioned before the ramp 
curve, as the test vehicle is leaving the through roadway. 

Platoon vehicles—all those exiting vehicles involved 
in a situation in which one or more cars are in the de-
celeration lane as another car is leaving the through 
roadway. 

ANALYSIS OF DATA 

If the F-ratio found in an analysis of variance indicated 
significant differences between the sample means as a 
group, the next step was to determine between which 
means there were significant differences. Duncan's modi-
fied least significant difference (LSD) test was chosen to 
test the multiple comparisons. In this test, the use of a 
minimum-average-risk t-statistic minimizes the probability 
of committing errors of any type for the given combination 
of F-ratio, degrees of freedom, and level of significance. 
Duncan's LSD, the smallest difference that could exist 
between two significantly different sample means, is calcu-
lated by multiplying the minimum-average-risk t-value 
times the standard error of the difference of two treat-
ment means (Si). This statistic is computed by: 

S= Error Mean Square (---+ 	(C-I) 
fl 1 	n 2 J 

DISCUSSION OF RESULTS 

Point of Exiting Results 

Total Vehicles 

"Total vehicles" included all two-axle vehicles that exited 
at the study sites during the experiment periods. This mass 
grouping of all vehicles permits a study of the over-all effect 
of the delineation treatments on the entire driver popula-
tion. Although these results could be biased if a large per-
centage of the total vehicles was composed of vehicles of 
one class, in this case the total results are indicative of the 
trends throughout the various categories. 

Table C-i gives the total vehicle-point-of-exiting data 
(sample sizes, means, and treatment mean comparisons) 
for both sites. The mean refers to the average distance 
from the beginning of the deceleration lane taper at which 
the vehicles entered the lane. All comparisons made be-
tween treatments, except one (between the post delineator 
treatment and the RPM technique at Carnegie), showed 
significant differences at the 95 percent level of confidence. 

Assuming that an earlier point of entry into the decelera-
tion lane is an improvement, it appears that all three treat-
ments using the various delineation devices introduced im-
provements over the base condition at both sites. Also, at 
both locations, the combination of the post delineator/RPM 
treatment had a greater influence on the motorist's be-
havior than did either technique installed alone. This find-
ing may be attributed to the fact that the combination treat-
ment represented the highest degree of delineation and, 
therefore, had a greater possibility of attracting the motor-
ist's attention. At the Harrisburg site, the RPM's appeared 

TABLE C-i 

MEAN POINT OF EXITING,' TOTAL VEHICLES 

DATA SUMMARY 

CARNEGIE HARRISBURG 

SAMPLE SAMPLE 

TREATMENT SIZE MEAN SIZE MEAN 

1 	Base condition 364 78.79 486 64,94 
2 	Post del ineators 287 61.10 566 51.20 
3 	RPM's 364 63.54 499 44.94 
4 	Combination 341 54.59 507 37.13 

TREATMENT COMPARISONS 

TREATMENTS CARNEGIE HARRISBURG 

DIFF. IN DIFF. IN 

A 	 B MEANS SIG.' MEANS SIG.5  

2 —17.69 —S —7.74 —S 
3 —15.25 —S —20.00 —S 
4 —24.20 —S —27.81 —S 

2 	3 +2.44 +NS —6.26 -s 
2 	4 —6.51 —S —14.07 —S 
3 	4 —8.95 —S —7.81 —S 

All possible combinations of two sample means were thus 	Measured in feet from beginning of deceleration lane. 
NS = not significant; S = significant; ± = increase or decrease in mean 

compared by use of Duncan's test. 	 (B compared to A); 0.05 level of significance was used. 
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to be significantly more effective than the post delineators, 
but at the Carnegie site there was very little difference (not 
statistically significant) between the two treatments. 

Free-Flowing Vehicles 

Table C-2 gives the point-of-exiting data for free-flowing 
vehicles (all single exiting vehicles that leave the through-
way when no other vehicles are in the vicinity of the exit). 
The study of free-flowing vehicles indicates probably the 
truest results of the delineation treatments because there are 
no other cars on the road to affect the driver's behavior. 
If no such influences are present, any changes that occur 
in the maneuvers of exiting vehicles may be attributed to 
the changes in the delineation treatments, assuming that all 
other conditions remain constant. 

The treatment comparisons again indicate that at both 
sites all three delineation installations showed improve-
ment over the base condition. In fact, these improvements 
were of the greatest magnitude of any in the entire study. 
This may be attributed to the absence of other traffic, a 
factor which acts in two ways to create these improve-
ments: (1) under the base condition the test motorist has 
no other vehicles to use as guidance and, thus, has more 
difficulty in locating the exit; (2) when the delineation 
treatments have been installed, the driver is not distracted 
by the presence of other vehicles and, therefore, is more apt 
to notice the delineation. 

As in the total vehicle results, the combination treatment 
again appeared to be more influential than either of the  

other treatments. However, the differences were only sig-
nificant at the Harrisburg site. Also, at Harrisburg the 
RPM's were more effective than the post delineators; at 
Carnegie the two treatments produced essentially the same 
results. 

Platoon Leaders, and Single Vehicles Exiting in the 
Presence of Others 

These two classes were combined for analysis because both 
consist of vehicles that exited under similar conditions. 
Vehicles in both classes exited when there was at least one 
other car in the vicinity of the exit that could have in-
fluenced the behavior of the diverging motorist. However, 
neither type had an exiting vehicle immediately in front 
of it. 

Table C-3 indicates that, again, the three installations 
using the reflective devices produced significant improve-
ments over the base condition. It also indicates that the 
combination treatment at both sites was more effective than 
either the post delineator treatment or the RPM technique 
(significantly better in three of the four comparisons). Be-
cause other traffic distracts the driver, it is likely that the 
greater degree of delineation that the combination treat-
ment provides would be required by more motorists in 
this situation than in the free-flowing situation. 

With this group (as opposed to the classes previously 
discussed), at neither site does the RPM treatment show 
more effectiveness than the post delineators. This finding 
seems logical, because motorists who are also carefully 

TABLE C-2 

MEAN POINT OF EXITING," 
FREE-FLOWING VEHICLES 

DATA SUMMARY 

CARNEGIE HARRISBURG 

SAMPLE SAMPLE 
TREATMENT SIZE MEAN SIZE MEAN 

1 	Base condition 49 108.67 143 70.59 
2 	Postdelineators 57 72.37 174 54.31 
3 	RPM's 60 72.50 142 44.37 
4 	Combination 57 70.26 168 35.89 

TREATMENT COMPARISONS 

CARNEGIE HARRISBURG 

TREATMENTS DIFF. IN DIFF. IN 

MEANS SIG.' MEANS SIG.' 
A 	 B 

1 	2 -36.30 -S -16.28 -S 
1 	3 -36.17 -S -26.22 -S 
1 	4 -38.41 -S -34.70 -S 
2 	3 +0.13 +NS -9.94 -S 
2 	4 -2.11 -NS -18.42 -S 
3 	4 -2.24 -NS -8.48 -S 

Measured in feet from beginning of deceleration lane. 
NS = not significant; S = significant; ± = increase or decrease in mean 

(B compared to A); 0.05 level of significance was used. 

TABLE C-3 

MEAN POINT OF EXITING," 
PLATOON LEADERS AND SINGLE VEHICLES 
EXITING IN THE PRESENCE OF OTHERS 

DATA SUMMARY 

CARNEGIE HARRISBURG 

SAMPLE SAMPLE 
TREATMENT SIZE MEAN SIZE MEAN 

1 	Base condition 200 85.80 225 62.87 
2 	Post delineators 156 62.50 222 51.22 
3 	RPM's 172 72.03 215 47.49 
4 	Combination 170 61.06 219 41.71 

TREATMENT COMPARISONS 

CARNEGIE HARRISBURG 

TREATMENTS 
DIFF. IN StG.' DIFF. IN 

A 	 B MEANS MEANS 510b 

2 -23.30 -S -11.65 -S 
1 	3 -13.77 -S -15.08 -S 
1 	4 -24.74 -S -21.18 -S 
2 	3 +9.53  +S -3.43 -NS 
2 	4 -1.44 -NS -9.51 -S 
3 	4 -10.97 -S -6.08 -S 

Measured in feet from beginning of deceleration lane. 
NS = not significant; S = significant; ± = increase or decrease in mean 

(B compared to A); 0.05 level of significance was used. 
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watching other vehicles probably would not be affected by 
a change in delineation unless it were a drastic change in 
intensity, such as from no delineation to one of the test 
treatments, or from a single technique to the combiriation 
of two installations. 

It is noteworthy that these data support the presupposed 
belief that motorists in various traffic conditions do react 
differently to the same situation. A comparison of the data 
in Table C-3 with that of the free-flowing vehicles shows 
that in most cases the vehicles that exited in the presence 
of other traffic entered the deceleration lane at an earlier 
point than did those cars that were alone on the road. This 
demonstrates a desire of drivers not to interfere with other 
traffic, which is the philosophy behind using the point-of-
exiting measurement. 

Platoon Vehicles 

Although motorists in an exiting platoon probably rely 
heavily on the vehicle that is leaving the throughway im-
mediately in front of them for directional information, it 
was believed that the delineation might provide additional 
assistance. This supposition was verified by the results of 
the study (Table C-4). 

The table gives the mean differences between the points 
of exiting of consecutive vehicles within exiting platoons 
for the various delineation conditions and then compares 
the results produced by the different treatments. A de-
crease in the mean difference (thus, more uniformity within 
each platoon) was considered to be an improvement. 
Multiple-treatment comparisons were not conducted for 
the Carnegie exit because the results of the analysis of 
variance indicated that there were no significant differences 
among the means. However, it is interesting that the data 
for both sites indicate identical trends. As in all other cases, 
the three delineation test treatments produced significantly 
large decreases in the mean differences from that of the 
base condition. Between the treatments no significant dif-
ferences occurred, but at both sites the two installations that 
used post delineators were slightly more effective than was 
the RPM technique. This is a logical and expected out-
come, because the height of the post delineators increases 
the probability that a motorist in a following vehicle will 
see the delineation treatment. The raised pavement mark-
ers, which are placed directly on the roadway, are extremely 
difficult to see by a motorist in a following vehicle, par-
ticularly one situated third, fourth, or even farther back in 
a platoon. Therefore, the RPM's were not as effective as 
the post delineators in this respect. 

Su,nmary 

The results indicate that the presence of delineation in the 
gore area has an influence on the point at which an exiting 
motorist enters the deceleration lane. In all categories of 
the point-of-exiting analysis, each of the three treatments 
that used reflective delineation techniques produced signifi-
cant changes over the base condition, and these changes 
were all improvements under the basic assumptions dis-
cussed earlier. 

Also, in most cases, the combination treatment appeared  

TABLE C-4 

MEAN DIFFERENCE BETWEEN POINTS OF EXITING 
OF CONSECUTIVE VEHICLES IN PLATOONS 

DATA SUMMARY 

CARNEGIE HARRISBURG 

SAMPLE MEAN SAMPLE MEAN 

TREATMENT SIZE 	(FT) SIZE (PT) 

1 	Base condition 	115 	42.00 118 26.95 
2 	Post delineators 	74 	31.62 170 16.06 
3 	RPM's 132 	33.18 142 17.11 
4 	Combination 114 	31.58 120 16.50 

TREATMENT COMPARISONS 

TREAT- HARRISBURG 

MENTS 
DIFF. IN 

A 	B CARNEGIE MEANS SIG.a 

1 	2 Multiple treatment compari- —10.89 —S 
1 	3 sons 	were 	not 	conducted —9.84 —S 
1 	4 because 	the 	results 	of the —10.45 —S 
2 	3 analysis of variance indicated + 1.05 +NS 
2 	4 that there were no significant + 0.44 +NS 
3 	4 differences among the means. —0.61 —NS 

NS = not significant; S = significant; ± = increase or decrease in mean 
(B compared to A); 0.05 level of significance was used. 

to be more effective than either of the two techniques 
installed alone. This undoubtedly is because it represents 
a degree of delineation that is twice as intensive as either 
of the single treatments and, therefore, has a much greater 
chance (although not necessarily twice as great a chance) 
of influencing driver behavior. 

In each case where a statistically significant difference 
was revealed between the RPM treatment and the post 
delineator technique, the RPM's produced the more desir-
able results. This outcome could be attributed to any or 
all of the following reasons: 

RPM's were placed directly on the roadway surface, 
whereas post delineators were 4 ft above ground level. 
Therefore, because the RPM's can be more readily asso-
ciated with the roadway, the exiting motorist may process 
the information more quickly and begin to exit earlier. 

The test patterns, by design, favored the RPM's be-
cause the pattern allowed them to be placed on the gore 
paint lines, whereas the post delineators were located in the 
gore area. Thus, the RPM's may have produced the visual 
effect of positioning the gore area closer to the beginning 
of the deceleration lane. This effect would in turn cause 
vehicles to exit at an earlier point. Any such effect could 
have been eliminated by placing the RPM's along the edges 
of the gore area, but the test patterns were designed to best 
simulate the manner in which traffic engineers probably 
would install the devices. 

Because the RPM's were unique and unfamiliar ob-
jects to many motorists in the eastern U.S., their use might 
have caused some drivers to enter the deceleration lane 
very early to avoid any contact with them. However, it 
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is also believed (and was observed in the field) that some in general, the delineation treatments did create signifi- 
motorists react in exactly the opposite manner, and actually cant changes in the point of exiting of vehicles, and the 
drive closer to the markers to investigate them. Any test same trends in treatment comparisons were realized in the 
vehicle whose driver clearly manifested either of these various vehicle classifications. 
reactions was eliminated from the sample. 

Results of Speed Analysis 

For the analysis of the exiting speed data, the test vehicles 

TABLE C-5 were categorized into the same classes that were used in the 
point-of-exiting analysis. 	However, platoon vehicles (ex- 

MEAN SPEED AT POINT OF EXITING, cepting the platoon leaders) were not included because the TOTAL VEHICLES 
presence of other cars in the lane at the time created inter- 
ference for the radar meter, making it impossible to record 

DATA SUMMARY 
their speeds at the point of entry into the deceleration lane. 

CARNEGIE 	 HARRISBURG Because no through traffic speeds were recorded, it was 
SkMPLE MEAN 	SAMPLE MEAN assumed for the sake of comparison that the average run- 

TREATMENT 	 SIZE 	(MPH) 	SIZE (MPH) ning speed of the through vehicles was approximately 
1 	Base condition 	155 	35.88 	302 32.53 10 mph below the posted speed limit. Although this esti- 
2 	Post delineators 	49 	28.84 	205 36.11 mate probably is extremely conservative, it at least provides  
3 	RPM's 	219 	25.18 	177 32.32 an indication of the direction in which the improved exiting 
4 	Combination 	153 	25.16 	237 30.82 speeds should change. 
TREATMENT COMPARISONS Tables C-5, C-6, and C-7 give speed data for the various 

vehicle classes (sample sizes, means, the treatment mean 
CARNEGIE 	 HARRISBURG comparisons). In the tables, any comparisons that involve TREATMENTS 	
DIFF. IN 	 DIFF. IN the post delineator treatment at the Carnegie site are ques- 

A 	 B 	MEANS 	SiG. 	MEANS SIG. tionable because equipment malfunctions allowed only a 
1 	2 	-7.04 	-s 	+3.58 +S small sample size to be recorded. Therefore, although the 

3 	-10.70 	-S 	-0.21 -NS Statistical analyses were performed, the results may not be 
1 	4 	-10.72 	-S 	-1.71 -S accurate. 
2 	3 	-3.66 	-S 	-3.79 -S Because the results were nearly identical throughout the 2 	4 	-3.68 	__ 

three classes, the tables are not discussed separately. 	The 
following discussion gives the resulting trends that were 

• NS = not significant; S = significant; ± = increase or decrease in mean representative of the speed data throughout the study.  
(8 compared to A); 0.05 level of significance was used. 

TABLE C-7 
 TABLE C-6 

MEAN SPEED AT POINT OF EXITING, 
MEAN SPEED AT POINT OF EXITING, PLATOON LEADERS AND SINGLE VEHICLES FREE-FLOWING VEHICLES EXITING IN THE PRESENCE OF OTHERS 

DATA SUMMARY DATA SUMMARY 

CARNEGIE 	 HARRISBURG CARNEGIE 	 HARRISBURG 

SAMPLE MEAN 	SAMPLE MEAN SAMPLE MEAN 	SAMPLE 	MEAN TREATMENT 	 SIZE 	(MPH) 	SIZE (MPH) TREATMENT 	 SIZE 	(MPH) 	SIZE 	(MPH) 

1 	Base condition 	53 	35.64 	131 33.64 1 	Base condition 	102 	36.00 	171 	31.68 2 	Post delineators 	22 	28.36 	100 37.06 2 	Post delineators 	27 	29.22 	105 	35.21 3 	RPM's 	 86 	25.47 	67 31.96 3 	RPM's 	 133 	25.00 	113 	32.27 4 	Combination 	64 	25.81 	111 31.31 4 	Combination 	89 	24.69 	126 	30.40 
TREATMENT COMPARISONS TREATMENT COMPARISONS 

CARNEGIE 	 HARRISBURG CARNEGIE 	 HARRISBURG 
TREATMENTS 

DIFF. IN 	 DIFF. IN 
TREATMENTS 

A 	 B 	MEANS 	SIG. 	MEANS SIG. 

____________ 	DIFF. IN 	 DIFF. IN 
A 	 B 	MEANS 	SIG. 	MEANS 	51G. 

1 	2 	-7.28 	-S 	+3.42 -]-S 1 	2 	-6.78 	-S 	+3.53 	+S 1 	3 	-9.83 	-S 	-1.68 -NS 1 	3 	-11.00 	-S 	+0.59 	+NS 4 	-10.17 	-S 	-2.33 -S 1 	4 	-11.31 	-S 	-1.28 	-NS 2 	3 	-2.89 	-S 	-5.10 -s 2 	• 	3 	-4.22 	-S 	-2.94 	-S 2 	4 	-2.55 	-S 	-5.75 -S 2 	4 	-4.53 	-S 	-4.81 	-S 3 	4 	+0.34 	+NS 	-0.65 -NS 3 	4 	-0.31 	-NS 	-1.87 	-S 

NS = not significant; S = significant; ± = increase or decrease 
(B compared to A); 0.05 level of significance was used. 

in mean NS = not significant; S = significant; ± = increase or decrease in mean 
(B compared to A); 0.05 level of significance was used. 
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Assuming that an average running speed of the through 
traffic was approximately 40 to 45 mph, the data show that 
the exiting speeds at both sites during the base conditions 
were considerably slower than the through speeds. There-
fore, it was anticipated that the delineation installations 
would produce an increase in the speeds at the point of 

exiting. 
At the Harrisburg site, the post delineators did cause a 

significant increase in the speeds, whereas the RPM's and 
the combination treatment produced only slight increases 
or decreases. At Carnegie, all three delineation installa-
tions resulted in exiting speeds that were significantly lower 
than those during the base condition. The post delineators, 
however, produced the least change. 

Although the RPM technique and the combination treat-
ment produced significantly lower exiting speeds than did 
the use of post delineators, no differences were revealed at 
either site between the results of the first two treatments. 
This finding seems to indicate that the RPM's were the 
major cause of the decreased speeds. Possible reasons why 
the use of RPM's resulted in lower exiting speeds are: 

The uniqueness of the RPM's may have caused motor-
ists to drive more cautiously and, thus, at slower speeds. 
This "shock" effect apparently has a greater influence on 
the driver's speed than on the point at which he exits from 
the roadway. 

The positioning of the RPM's on the painted gore 
lines may have indicated to the motorists that the decelera-
tion length was shorter than it actually was. Therefore, 
drivers would tend to slow down earlier to ensure that they 
could safely negotiate the ramp. 

However, these reasons cannot explain why, when the 
delineation treatments were installed, the Carnegie exit ex-
perienced such large decreases in speeds and only relatively 
minor changes occurred at the Harrisburg site. It is be-
lieved that the delineation gave some indication of the tight 
geometric conditions that prevail at Carnegie and thereby 
contributed to the reduction in exiting speeds. Motorists 
who are made aware of exiting conditions that require con-
siderable deceleration tend to slow down sooner and more 
gradually than drivers who are unaware. Thus, it could be 
argued that the slower speeds at Carnegie represent a safer  

situation, if one were willing to support the philosophy that 
excessive ramp speeds constitute a greater degree of unsafe 
behavior than does deceleration in the through lane. How-
ever, this is purely a subjective argument. 

Erratic Maneuver Results 

Table C-8 gives the erratic maneuver data (exiting and total 
erratic maneuvers, volumes, and EM rates). The through 
erratic maneuvers were not included as a separate category 
because their frequency was negligible. Because the two 
study sites are exits that do not entice the driver to un-
intentionally wander into the deceleration lane, the pre-
dominance of exiting mistakes was expected. Dividing the 
exiting and the total erratic maneuvers by their respective 
volumes produces the exiting and the total EM, rates, which 
are expressed in percentages in the table. 

Because the numbers of erratic maneuvers occurring dur-
ing each treatment were so small, no statistical analysis was 
completed. However, it is readily apparent that the pres-
ence of delineation did reduce the rates in all cases. In fact, 
at the Harrisburg site, each treatment reduced the EM rate 
by 40 percent or more with respect to the base condition. 
Although statistics cannot be used to strengthen these data, 
the delineation did reduce the frequency of erratic maneu-
vers and, therefore, increased safety at the two sites. 

CONCLUSIONS 

The primary conclusion of this study is that the gore area 
delineation does affect the behavior of motorists exiting 
from the roadway. This finding is clearly evidenced by the 
fact that all three delineation installations significantly 
changed the traffic performance characteristics of point of 
entry into the deceleration lane and exiting speed from 
those that prevailed under the base condition (no reflective 
delineation). 

Concerning the effect of the delineation on the point of 
entry into the deceleration lane, the following conclusions 

may be drawn: 

1. All three delineation installations produced earlier 
points of entry into the deceleration lane and, thus, were 
considered to have improved the traffic operations at the 

exits. 

TABLE C-8 

SUMMARY OF ERRATIC MANEUVER DATA 

TEST SITE 	 TREATMENT 

ERRATIC MANEUVERS 

EXITING 	TOTAL 

VOLUME 

EXITING TOTAL 

EM RATE (%) 

EXITING TOTAL 

Carnegie 	 Base condition 5 5 702 2106 0.71 
0.45 

0.24 
0.13 

Post delineators 3 3 672 
582 

2226 
2262 0.52 0.18 

RPM's 
Combination 

3 
2 

4 
3 684 2400 0.29 0.13 

Harrisburg 	Base condition 12 12 768 1158 1.56 
0.87 

1.04 
0.53 

Post delineators 5 5 576 
876 

942 
1278 0.46 0.31 

RPM's 4 4 
8 804 1266 0.99 0.63 

Combination 8 
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The RPM's proved to be more desirable than the post 
delineators. Not only did the RPM's produce earlier exit-
ing points, but their placement directly on the roadway 
surface also provided more readily recognizable and under-
standable information for the motorists. 

When the RPM's and the post delineators were in-
stalled in combination, the greatest improvement (earliest 
exiting points) were experienced. However, the economics 
of such a treatment would have to be studied before it is 
widely used. 

Regarding the speed at which vehicles enter the decelera-
tion lane, the only conclusive outcome of the study is that 
gore area delineation does affect exiting speeds. Although 
the delineation produced significant increases or no changes 
in the speeds at the Harrisburg site, and significant de-
creases at Carnegie, whether any of these changes consti-
tutes improvement in driver performance is a matter of 
subjective interpretation. 

The study also indicates that the delineation in the gore 
area did reduce the frequency of erratic maneuvers at night. 
Although few data were collected, an extended study 
probably would produce the same positive results. 

Because the use of reflective delineation at the gore (in 
addition to the typical painted gore lines) apparently im-
proves traffic operations and safety at the exit area, it is 
recommended that it become standard practice for highway 
departments to install such delineation. If the decision of 
whether delineation should be placed in the gore is left to 
the individual traffic engineer, this section of the roadway 
probably will remain a neglected area. 

An additional useful conclusion, regarding the technique 
of data collection, may be drawn from this study. The 
method of using 30-ft segments to measure the point of 
exiting was exacting enough to indicate significant differ-
ences in the measurement. Although not directly related 
to the objective of the study, this finding is important. 
Many research studies use extremely time-consuming and  

costly techniques to assure that the placement data col-
lected are highly accurate. However, the results of this 
study indicate that gross measurements, such as the 30-ft 
segments, can adequately reveal the trends that develop in 
the results, and without the difficulties of the more com-
plex techniques of data collection. Because the researcher 
usually is interested in trends rather than exact numerical 
values in such studies, the use of gross measurements 
appears adequate. 

RECOMMENDATIONS FOR FURTHER RESEARCH 

Because this study was not an exhaustive research program 
on exit gore area delineation, and because it did indicate 
that such delineation can be effective, the following sug-
gestions should be considered in future projects: 

The delineation treatments should be studied over a 
longer period of time to allow erratic maneuver data, or 
preferably accident records, to be used as the evaluative 
measurement. 

The study should be expanded to include the compari-
son of the reflective delineation treatments with freshly 
painted gore lines. This would require coordination of the 
study schedule with the painting schedule of the state high-
way department. 

The project could be extended to include the evalua-
tion of other treatments such as the use of blue delineators, 
which are presently under study in several states. 

Because it is extremely difficult to evaluate the changes 
of one-spot speed, it would be beneficial to record speed 
profiles throughout the study area under the various 
delineation conditions. 

Further work should place emphasis on developing 
standards for delineation spacing. Because a subtle change 
in spacing may not significantly affect driver performance, 
an attempt should be made to develop the most economical, 
yet adequately effective, spacing. 

APPENDIX D 

EXTENDED STUDY OF ERRATIC MANEUVERS AT TWO EXIT GORE AREAS * 

PURPOSE 

An extended study of erratic maneuver (EM) rates at two 
preselected exit gore areas was made to determine (1) if 
any relationship between EM rates and traffic volumes 
could be established for those sites, and (2) if EM rates 
vary over the days of the week and hours of the day, and 
to define this relationship if it exists. 

* By A. M. Pagano. 

Such information would be of great value to the engineer 
using EM rates as the criterion to determine treatment 
effectiveness. If little or no correlation exists between EM 
rates and volumes, and EM rates and time, then he would 
be free to select any convenient intervals for "before" and 
"after" periods of observation, without regard to days of 
the week, hours of the day, or traffic volumes (provided 
adequate sample sizes are attained). However, if EM rates 
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do vary with volume and/or time, steps must be taken to 
ensure that the results are not biased by changes in these 

factors. 

SELECTION OF TEST SITES 

The site selection process involved determining from the 
available "before" data which ramps best met the following 
criteria: 

Exhibit a high number of erratic maneuvers and a 

high EM rate. 
Exhibit a fairly high traffic volume and a variation in 

volume over time. 
Exhibit a variation in types of erratic maneuvers. 

High numbers and rates of erratic maneuvers and high 
volumes were necessary so that EM rates could be com-
puted for small intervals over the day and still maintain 
confidence in the estimates. A variation in traffic volumes 
was needed so that estimates could be made of the effect 
of changes in volume on EM rates. The third criterion was 
included to increase the degree of generality of these 

results. 

On the basis of these criteria, two ramps located on 
I-283N in Harrisburg, Pa., were selected for the study 
(they are described in Case Study 3, Appendix B). These 
ramps offered an additional benefit in that they are of such 
a nature that, with only a little extra effort, data could be 
obtained for both ramps instead of one. 

PROCEDURE 

Erratic maneuvers were recorded and 10-min volume 
counts were taken every half hour by observers at the site. 
Data were collected Thursday through Monday, August 5 

through 9, 1971, 19 hr per day, from 7:00 AM until 

2:00 AM at each ramp-a total of 95 hr of data collection 
at each ramp. During the entire study period the weather 
was clear and warm, with no precipitation; thus weather 
was not a factor affecting the results of the study. Over-
head lighting was present during the evening observation 
periods. 

STATISTICAL ANALYSIS 

Table D-1 gives summary statistics for both ramps during 
the study period. The calculated EM rates, total traffic 
volumes, and total number of erratic maneuvers committed 
are given for each day and for the total study period. A 
higher proportion of exiting vehicles than through vehicles 
committed erratic maneuvers at the left ramp; the reverse 
was true at the right ramp. (The right exit was an exit lane 
drop, which accounts for the higher through EM rate.) Of 
all vehicles negotiating this site, 4.25 percent committed an 
erratic maneuver during the study period. 

EM Rates and Volumes 

EM rates and traffic volumes were calculated by dividing 
each day into 1-hr periods. Thus, the total sample consisted 
of 19 1-hr periods for each day, or a total of 95 observa-
tions for each ramp. It was hypothesized that erratic 
maneuvers are related to volume by: 

EM=B+BV+B2V 2 	(D-1) 

in which 

EM = erratic maneuver rate; 
V = traffic volume; and 

B0 , B1, B9 = coefficients that relate volume to erratic 
maneuvers. 

The V 2  term was added to reflect a dampening of the effect 
of volume on EM rates. 

TABLE D-1 

SUMMARY STATISTICS-LEFT RAMP AND RIGHT RAMP 

DAY 

ERRATIC MANEUVERS 

EXIT 	TH11flTIGJ-I T()TAI 

TRAFFIC VOLUMES 

EXIT 	THROUGI-i TOTAL 

EM RATES 

EXIT THROUGH TOTAL 

Left ramp 

Thurs 222 57 279 4968 	4929 9897 4.47 1.16 2.82 

Fri 177 78 255 4539 	5688 10227 3.90 1.37 2.49 

Sat 192 73 265 3492 	4806 8298 5.50 1.52 3.19 

Sun 110 82 192 2745 	4182 6927 4.01 1.96 2.77 

Mon 109 53 162 4014 	4743 8757 2.71 1.12 1.85 

Total 	810 	343 	1153 	 19758 	24348 	44106 	4.10 	1.41 	2.61 

Right ramp 

Thurs 4 208 212 1305 	3624 4929 0.31 5.74 4.30 

Fri 10 115 125 1272 	4416 5688 0.79 2.60 2.20 

Sat 13 132 145 1263 	3543 4806 1.03 3.73 3.02 

Sun 12 145 157 963 	3219 4182 1.25 4.30 3.75 

Mon 6 77 83 1047 	3696 4743 0.57 2.08 1.75 

Total 45 677 722 5850 	18498 24348 0.77 3.66 2.96 
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A multiple regression analysis was performed on the 
model and yielded the following results for the left ramp: 

EM = 5.25 - 0.0066149 V + 0.00000305 V2  
(0.47) (0.0018072) (0.00000168) 

R2 =0.27 	SE= 1.36 

in which 

R2  = coefficient of determination; 
SE = standard error of the estimate; and 
EM and V are as defined previously. 

The numbers in parentheses below the regression coefficients 
are the relevant standard errors. The statistical estimation 
indicates that 27 percent of the variation in EM rate is 
explained by variation in traffic volume. Two tailed t-tests 
indicate that the coefficient of V is significant at the 0.1 per-
cent level and the coefficient of V2  is significant at the 
10 percent level. 

A multiple regression analysis was performed on the data 
for the right ramp and yielded the following: 

EM = 1.24 + 0.01608V - 0.00003V2  
(0.78) (0.00611) (0.00001) 

R2  = 0.07 	SE = 2.04 

in which all variables as are defined previously. The sta-
tistical estimation indicates that 7 percent of the variation 
in EM rates at this ramp can be explained by variation in 
traffic volume. Two tailed t-tests indicate that both the co-
efficients of V and V 2  are significant at the 2 percent level. 

One result that stands out immediately from the re-
gression analysis is the low amount of variation in EM 
rates (27 percent for the left ramp, 7 percent for the right) 
explained by changes in volume. This indicates that other 
variables besides volume affect EM rates, and these vari-
ables are not accounted for in the model. 

At the left ramp, the model predicts that EM rates will 
continually fall as volume increases, but at a decreasing 
rate. By taking the derivative of this relationship, the criti-
cal point was found to be at an hourly volume of 1,084 
vehicles. Only at volumes greater than this would the 
model predict increases in EM rates as volumes increase. 
However, only in one time period during the study did 
volumes exceed this figure. Because this prediction is be-
yond the range of the data, it can be ignored, and it can 
be concluded that as volumes increase, EM rates fall at this 
ramp. 

At the right ramp, the model predicts an increase in EM 
rate as volume increases, until a volume of 267 vph is 
reached. Thereafter, EM rates will fall as volumes rise, 
This critical point is well within the range of recorded data. 

These results indicate that although volume may have an 
effect on EM rates, it may not be the same for different 
ramps. Varying geometries and driver population charac-
teristics can influence the manner in which volumes affect 
EM rates. On the whole, however, little can be inferred 
from this study of the effect of volume on EM rates. The 
small amount of explained variation implies that for the 
purposes of "before and after" studies, little or no correc-
tion is needed for differences in volumes. 

However, it should be noted that during the study period 
volumes were relatively low and the site was operating at 
a high level of service. Thus, the inference must be modi-
fied to say that as long as volumes are within the same level 
of service in both "before" and "after" periods, no correc-
tion factor is needed to account for the effect of changes in 
volumes on EM rates. Further research is needed to deter-
mine the effect of changes in the level of service on EM 
rates. 

EM Rates and Time 

The variation in EM rates over days of the week and hours 
of the day was analyzed using time series analysis. This 
type of analysis is used for studying economic series, but 
can be applied to any type of series that varies over time. 

Economic time series usually are assumed to be com-
posed of various factors acting simultaneously to generate 
the series. It is usually assumed that: (1) a long-term 
trend, T, is one of these components (T refers to that part 
of the series that displays a smooth or regular movement 
over a period of many years); (2) these series contain a 
cyclical component, C, which are movements that con-
sistently rise and decline in activity; and. (3) these series 
are composed of certain seasonal factors, S, which are 
movements in the series that concur with months or seasons 
of the year. An irregular component, I, reflects variations 
in the series that cannot be explained by the other three 
components. 

These four components are usually added or multiplied 
together to arrive at the total series, although the usual 
formulation is that of multiplication. Thus, the series, 0, 
is represented as: 

O=TXCXSXI 	 (D-2) 

Many techniques and variants of techniques exist in the 
literature to smooth time series and break them down into 
each component. These techniques can be grouped into 
two classes: exponential smoothing techniques, and moving 
average techniques. Exponential smoothing techniques are 
sophisticated statistical techniques that yield equations with 
estimates of coefficients that are used to predict future 
movements of time series. Although they are useful in cer-
tain applications, they were not used in this study because 
it was believed that estimates of functional relationships and 
predictions of future movements were not necessary. In 
addition, an assumption of the functional form must be 
made to use this technique. 

Moving average techniques, on the other hand, do not 
yield coefficients or predictive equations. These techniques 
have an advantage in that they are easy to apply and no 
functional form must be specified. Thus, it is not necessary 
to assume or guess at the functional form when using these 
techniques. These techniques are used mainly to break 
series up into their components. One of these techniques—
the "Ratio to Moving Average" technique—was used in 
this study. 

The following procedure uses the Ratio to Moving 
Average technique in economic time series. If it is assumed 
that the multiplicative form for a given series applies, that 
a seasonal movement of 12 months in duration exists, the 
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shape of the variation being the same each year, and that 
irregular fluctuations are independent of the years, then a 
12-month moving average will cancel out the seasonal and 
irregular components. Thus: 12-month moving average = 

T X C. By dividing the original data by the moving 

average: 

Original data 	T><CXSXI =sx1 (D-3) 
Moving average 	T X C 

which leaves the seasonal and irregular components. By 
taking some sort of average of the seasonal components, 

the 1, hopefully, will be eliminated, leaving a seasonal in-
dex. Because the 12-month moving average may eliminate 
cycles of small duration, the original data usually are 
divided by the seasonal index: 

Original data TXCXS><J =TXCXJ 	(D-4) 
Seasonal index 	S 

A short-term moving average is then taken to eliminate 
1, leaving the T X C component. Thus, using this pro-
cedure, the seasonal effect, 5, and the trend cycle com-
ponent, T X C, have been isolated. 

This same type of analysis was applied to the EM rates 
at both ramps. EM rates were calculated for each ramp 
on an hourly basis. Two factors were at work in deter-
mining the size of this interval. If the time period is too 
long, turning points in the series would be obscured and 
interesting fluctuations would be disguised. Too short a 
period leads to a large irregular component and can ob-
literate movements in the series. Calculating EM rates on 
an hourly basis provided a logical balance between these 
two effects. 

It was assumed that EM rates were generated over time 
by the following process: 

EM=TXDXHXI 	 (D-5) 

in which 

EM = erratic maneuver rates; 
T= trend; 
D = fluctuations over days of the week (this is analo-

gous to the C component of economic time 

series); 
H = fluctuations over hours of the day (this is analo-

gous to seasonal variation); and 
1 = irregular. 

Figures D-1 and D-2 show the observed data for each 
ramp. No general pattern of the series can be immediately 

discerned. 
Because the data collection period was from 7 AM until 

2 AM, the analysis was carried out by assuming that the 
period of 12:00 midnight to 2:00 AM was part of the pre- 

vious calendar day. Thus, "Thursday" began at 7:00 AM 

on Thursday and ended at 2:00 AM on Friday. Data collec- 

tion from 2:00 AM to 7:00 AM was not believed to be 

warranted because of extremely low traffic volumes during 

this period. 
A 19-hour moving average was first applied to the data 

to eliminate the hourly and irregular components. The  

original data were then divided by the moving average to 
yield H X 1. The highest and lowest H X I components 
were dropped for each time period, and an average of the 
remainder was taken, resulting in an estimate of the hourly 
index for each ramp. The original data were then divided 
by the hourly index, and a 5-hr and a 3-hr moving average 
were taken to eliminate the irregular component, yielding 
the estimate of T X D for each ramp. 

Figures D-3 and D-4 show an hourly index for each 
ramp expressed as a percentage fluctuation. Figures D-5 
and D-6 show the trend-day cycle base. The hourly index 
indicates the estimated percentage change in EM rates for 
each hour of the day. For example, a value of 125 for a 
given time period implies that, on the average, EM rates are 
125 percent of the average for the day. The trend-day cycle 
base, on the other hand, indicates how EM rates vary over 
time, holding the hour effect constant. 

Figure D-3 indicates that during the average day at the 
left ramp, erratic maneuvers tend to increase in the morn-
ing, fall between 12 noon and 1 PM, rise after 1 PM, gen-

erally fall all afternoon, rise after 5 PM, and rise still 

further between 9 and 10 PM. One interpretation of these 
results (many are possible) is that the general rise in the 
morning is caused by the increase in non-local drivers on 
the highway. During the early morning hours, most drivers 
are commuting to work and know the routes they will take. 
If it is assumed that a higher proportion of non-local driv-
ers commit erratic maneuvers, and that the distribution of 
local to non-local drivers changes throughout the morning 
so that a greater number of non-local drivers enter the 
traffic stream in the later morning hours, then an increase 
in EM rates should be expected. 

The decrease in rate between 12 noon and 1 PM possibly 

could be due to many non-local drivers stopping for lunch 
and an increase in the number of local drivers, going to and 
from lunch. The increase between 1 and 2 PM could be 
due to unfamiliar drivers again entering the traffic stream 
after lunch and the disappearance of the local drivers. The 
increase in rate after 5 PM could be caused by drivers, both 
local and non-local, becoming tired, thus increasing their 
chances of committing erratic maneuvers. The ability to 
concentrate on driving tasks and reaction times could be 
lowered at this time of day, thus increasing EM rates. 

The hour between 9 and 10 PM was the first hour of 
darkness during the observation period. The increase in 
rate at this time could possibly be caused by drivers not 
adjusting quickly enough to darkness. 

This interpretation of the results offers no evidence or 
firm conclusions as to why erratic maneuvers vary over the 
day. It is a series of hypotheses in an attempt to explain 
why erratic maneuvers may vary as they do. Additional 
data are needed before firm conclusions can be made. 

Figure D-4 shows that the variation in EM rates at the 
right ramp during the day is similar to that at the left ramp, 
although this correspondence is not exact and the relative 
magnitudes differ. Generally, rates were up during the 
morning, down at lunch time, up between 1 and 2 PM, 

down in the afternoon, and up at rush hour. During the 
first hour of darkness, however, rates fall. However, vol-
umes at the right ramp were much lower than at the left 
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Figure D-1. Hourly variation of observed EM rates, left ramp. 
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Figure D-2. Hourly variation of observed EM rates, right ramp. 
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Figure D-3. Averge hourly variation, left ramp. 

ramp (Table D-1). Thus, during the low-volume periods 
of the early morning and evening, much less confidence 
can be placed in the results for the right ramp as compared 
to the left, because of a larger irregular component. Dur-
ing the day, however, volumes were sufficiently high to 
yield good estimates. 

Figure D-5 shows that, over the week, left-ramp EM 
rates fell on Thursday, remained fairly stable during most 
of Friday, moved up late Friday, peaked twice on Saturday, 
fell throughout Sunday, and remained low on Monday, with 
a general upward movement toward the end of the day. 
This same general pattern was observed at the right ramp, 
except that the two peaks on Saturday were replaced by one 
peak on Saturday and another peak on Sunday (Fig. D-6). 

A comparison of results of both ramps shows that EM 
rates generally vary over time in much the same fashion. 
This applies to both the variation over hours of the day and 
days of the week. No attempt was made to isolate a trend  

separately, because the data collection period was too short. 
Data should be taken over a period of weeks or months to 
isolate this factor. Although movements in the series (up-
ward or downward) were similar, the amplitude of the 
series (i.e., the percentage rise and fall) differed for both 
ramps. This result can be interpreted as meaning that 
although erratic maneuvers vary in a similar fashion for 
different ramps, the individual characteristics of the ramps 
determine how large the fluctuations will be. 

CONCLUSIONS 

Conclusions of this study—which was limited to two gore 
areas at the same interchange—are as follows: 

1. Generally, at a high-type level of service, a small nega-
tive relationship seems to exist between EM rates and traffic 
volumes. This means that as volume increases, EM rates 
decrease. However, the negative relationship between EM 
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rates and volumes is weak enough to conclude that little 
error is involved in not correcting for volume changes in 
"before and after" studies, provided the same level of 
service exists during both periods. 

Other characteristics of exit ramps, such as geometrics 
and driver population variables, may have an effect in 
determining to what degree volume changes affect EM 
rates. 

At the ramps studied, EM rates exhibit a pattern of  

fluctuation over time of day. Generally, the rates increase 
immediately after lunch, after rush hour, and during the 
first hour of darkness; they decrease during mid-morning, 
lunch time, and mid-afternoon. 

No firm conclusion can be made concerning move-
ments of EM rates during early morning and late night 
hours. 

At the ramps studied, EM rates exhibit a pattern of 
fluctuation over days of the week. The rates decrease 



113 

steadily on Thursday, remain at a fairly constant lower level 
on Friday, increase late Friday, remain high on Saturday, 
decline somewhat on Sunday, and remain at a lower level 
on Monday. It is recommended, therefore, that data col-
lection periods include weekend days and nights to ensure 
that the highest rates are obtained. 

Although erratic maneuvers vary in a similar fashion 
at the two ramps studied, the individual characteristics of 
the ramps determine how large the fluctuations will be. 

For continuity of results, EM data should be col-
lected during the same hours and days of the week in 
"before and after" study periods. 

Suggestions for Future Research 	- 

Although this study was limited to two exit ramps, the 
results indicate that EM rates in fact exhibit a pattern of 
fluctuation over days of the week and hours of the day. 
Additional research for longer time periods and many more 
sites should lead to results with more practical significance. 
The variation of EM rates over the months of the year and 
with volume changes that affect the level of service should 
be examined. Once these relationships are known, the high-
way engineer could place additional confidence on the 
results of "before and after" studies that use erratic 
maneuvers as the criterion. 

APPENDIX E 

ANNOTATED BIBLIOGRAPHY 

ANDERSON, J. W., and PEDERSON, V. L., "The Effect 
of Color in Guidance of Traffic at Interchanges." 
Minn. Highway Dept. (n.d.) (mimeo.). 

Study tested the use of color-coding at an 
interchange. In addition to the standard color 
scheme at ramps, yellow and blue delineation 
color schemes were used. Data collected in-
cluded: point of exit; point of entrance; exit-
ing speed; and erratic maneuvers. Driver inter-
views were conducted to determine if the color 
patterns were recognized. Results showed that 
yellow color caused drivers to drive more 

cautiously. 
BERGER, W. G., "Criteria for the Design and Deploy-
ment of Advanced Graphic Guide Signs." Serendipity, 
Inc., Arlington, Va. (Sept. 1970). PB 197 614. 

Systems of signing designed to improve route 
guidance effectiveness were developed and tested 
in this study of six interchange types. Graphic 
signing was compared with conventional signing 
to determine its applicability. Based on the find-
ings, a series of guidelines was developed for con-
struction and deployment of graphic guide signs. 

BERRY, D. S., Ross, G. L. D., and PFEFER, R. C., "A 

Study of Left-Hand Exit Ramps on Freeways." Hwy. 

Res. Record No.21 (1963) pp. 1-16. 
A study to: (1) examine the present status of 

knowledge about left-hand ramps, (2) study the 

traffic characteristics at some high-volume left- 
hand exit ramps, and (3) determine the suitability 
of such ramps. Field studies of three left-hand 
exit ramps and one right-hand exit ramp were 
made using time-lapse photography. Traffic vol- 

ume, speeds, density, exiting paths, and hazardous 
maneuvers were carefully analyzed. The left-hand 
exit ramps studied were found to operate satis-

factorily. 

BROWNER, H. D., "Analysis of Relationships Between 
Accidents and Geonietrics and Traffic Characteristics 
on Interstate System." Technical paper presented at 
41st ITE Meeting, Montreal (1971). 

Attempts to relate accident experience on the 
Interstate System to the various geometric vari-
ables and traffic characteristics. Highway traffic 
and accident data were collected from 20 states 

for a six-year period. Mathematical models using 
the multiple regression technique were formulated 
to measure the percentage of correlation of acci-
dents to geometric and traffic variables. To iden-
tify all probable causes, an "extreme analysis" 
technique was also used to examine the design 
elements and traffic characteristics of those study 
units with an unusually large number of acci-

dents. 

BURG, A., and HULBERT, S. F., "Predicting the Effec-

tiveness of Highway Signs." HRB Bull. 324 (1962) 

pp. 1-11. 
A laboratory study was designed to compare 

the effectiveness of several types of highway signs. 
A total of 880 persons saw motion pictures and 
slides of the signs, all attempting to convey the 
message that a lane was to be dropped from the 
road ahead. Their written responses revealed a 
consistent and statistically significant superiority 
for a sign reading LANE ENDS, MERGE LEFT. 
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CASE, H. W., and HULBERT, S., "Signing a Freeway-
to-Freeway Interchange (Guide Signs) ." Inst. of 
Trans. and Traffic Engineering, Univ. of Calif., Los 
Angeles (Sept. 1965). 

Three freeway sign configurations were tested 
for their effectiveness in guiding drivers to their 
destinations. The signs were identical except for 
the message conveyed. The first sign contained 
freeway names and numbers, and destination in-
formation; freeway names were dropped on the 
second sign, and destination information was re-
moved on the third. Films taken on a freeway-to- 
freeway interchange with these three different 
signs were shown to different groups of subjects 
who were tested with a questionnaire. Results 
were analyzed, with emphasis being placed on 
"not familiar" drivers. 

Cnuu.o, J. A., "The Relationship of Accidents to 
Length of Speed-Change Lanes and Weaving Areas 
on Interstate Highways." Hwy. Res. Record No. 312 
(1970) pp. 17-32. 

An analysis of the relationship between acci-
dents and length of acceleration lanes, decelera-
tion lanes, and weaving areas. Only length of 
speed-change lanes, specific traffic characteristics, 
and accident rate were considered. Results re-
vealed that (1) the accident rate decreased with 
increased length of weaving area; (2) when the 
percentage of merging traffic is above 6 percent, 
increased length of acceleration lanes would cause 
substantial reduction in accident rate; (3) the 
effect of the length of deceleration lanes was not 
as great; and (4) the accident rate increases with 
increased merging and diverging traffic for a 
given length of speed-change lanes. 
CIRILL0, J. A., DIETz, S. K., and BEATTY, R. L., 
"Analysis and Modeling of Relationships between Ac-
cidents and the Geometric and Traffic Characteristics 
of the Interstate System." U.S. Bureau of Public Roads 
(Aug. 1969). 

A study to investigate the effects of geometries 
on the accident experience of the Interstate Sys-
tem. Includes a detailed description of the pro-
cedure used to obtain the data and findings of the 
first general analysis performed on the data. 
"Color Coded Interchange Ramps." Oregon State 
Highway Dept., Salem (Jan. 1966). 

A study to determine the value of using a blue 
color coding system to help drivers quickly iden-
tify freeway exit locations at night. It was found 
that color coding in general resulted in a smoother 
path for vehicles exiting from the freeway, al-
though it had no effect on the speeds of exiting 
vehicles, and no definite effect on accidents. 
"Color-Coding of Entry and Exit Ramps." The Ameri-
can Engineer, Vol. 32, No. 4 (Apr. 1962) pp. 42-44. 

Reports an experiment in color coding of entry 
and exit ramps at an interchange in Minnesota. 
Portions of entry ramps were treated with yellow 
reflective material, and lanes to exit ramps with 

reflective blue. Possible effects of different night-
time visibility conditions and different highway 
marking systems on driver performance were 
studied. 

CONKLIN, R. D., "A Comparison of Vehicle Operat-
ing Characteristics Between Parallel-Lane and Direct-
Taper Types of Freeway Off-Ramps." Traffic Eng. 
(Dec. 1959) pp. 13-17. 

Compares the operating characteristics of two 
types of freeway off-ramps (parallel-lane, and 
direct-taper) on part of the Interstate System in 
Oregon. Traffic volume, speed, and lateral place-
ment of vehicles were studied. Results indicated 
that the direct-taper type of off-ramp is definitely 
superior to the parallel-lane type, both in speed of 
operation and the placement of vehicles. 
CONLEY, C. F., and ROTH, W. J., "Erratic Movement 
Survey Report." Interim Report, Interchange Ramp 
Color Delineation and Marking Study, Michigan Dept. 
of State Highways, East Lansing (Dec. 1967). 

Describes erratic movements observed in a 
1965 survey designed to evaluate the use of color 
coding (blue for exit ramps, yellow for entrance 
ramps) to guide traffic along a continuous sec-
tion of freeway. Drivers' exiting performances 
were observed before and after the application of 
the color coding on the exit gore area. Erratic 
movements were significantly reduced after the 
introduction of the color scheme. 
COvAULT, D. 0., DERVISH, T., and KANEN, A. C., 
"A Study of the Feasibility of Using Roadside Com-
munications for Traffic Control and Driver Informa-
tion." Hwy. Res. Record No. 202 (1967) pp. 32-65. 

Evaluates the effectiveness of roadside radio 
communication on driver behavior as related to 
driver's execution of a diverging maneuver from 
a freeway traffic system. Subjects were randomly 
assigned to any one of various test conditions. 
Each test condition provided guidance informa-
tion of varying degrees of advance and exit in-
formation by using highway signing, radio com-
munication, or a combination of both. Data were 
collected using time-lapse motion photography, 
the BPR traffic analyzer, and manual recording. 
Analysis-of-variance and multiple-range test tech-
niques were used to study driver performances 
under different levels of information provided 
during the running of each test condition. 

DARRELL, J. E. P., and DUNNETTE, M. D., "Driver 
Performance Related to Interchange Marking and 
Nighttime Visibility Conditions." HRB Bull. 255 
(1960) pp. 128-137. 

A study to discover possible effects on driver 
performance of different nighttime visibility con-
ditions and different highway marking systems. 
The experiments were conducted on an inter-
change in Minnesota. Driver interviews were 
used to study driver reactions and performance 
under different visibility conditions and highway 
marking systems. 
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15 "Evaluation of Diagrammatic Signing." Wyoming 
State Highway Dept., Cheyenne (n.d.). 

A study to determine if diagrammatic signs 
would convey more clearly the proper meaning, 
thus providing the driver with more time and less 
confusion to make the proper response. Both 
standard highway signing and the diagrammatic 
signing concept were evaluated through visual 
observations and driver interview. Traffic op-
erations and driver behavior before and after the 
installation of diagrammatic signs were compared. 

16 FERGUSON, W. S., and COOK, K. E., "Driver Aware-
ness of Sign Colors and Shapes." Virginia Highway 
Research Council (May 1967). 

A study to (1) ascertain the relative impor-
tance of color and shape in the recognition of 
road signs from the driver's point of view; and 
(2) determine whether shape, color, and message, 
when combined, contributed to driver compre-
hension of sign meaning. 

17 FISHER, R. L., "Accident and Operation Experience 
at Interchanges." HRB Bull. 291 (1961) pp. 124-138. 

Deals primarily with the impact of different 
designs of exit and entrance terminals on traffic 
operation and safety. Accident records of a four-
year period were analyzed, and a field investiga-
tion was made to study the adequateness of vari-
ous design elements and possible improvements. 
It was found that adequate length of acceleration 
and deceleration lanes, together with control of 
access, could almost eliminate accidents at inter-
changes, provided the terminals were carefully 
treated. Left-hand entrances and exits in this 
study had poor accident records. 

18 FORBES, T. W., MULLIN, J. J., and SIMPSON, M. E. 
"Interchange Spacing and Driver Behavior Effects on 
Freeway Operations." Vehicular Traffic Science, L. C. 
Edie, R. Herman, and R. Rothery, eds., American 
Elsevier (1967) pp. 97-108. 

A 35-mm air photo technique was used to mea-
sure traffic flow characteristics. Six sections of 
freeway with different on- and off-ramp spacing 
were compared in terms of traffic volumes, densi-
ties, spot speeds, weaves slowdowns, and stop-
pages. Different volume-density relationships were 
found on different sections of the same urban 

freeway. 
19 FUKUTOME, I., and M0SKOwITZ, K., "Traffic Be-

havior and Off-Ramp Design." Hwy. Res. Recoth 

No. 21 (1963) pp. 17-31. 
Off-ramp terminals on California freeways were 

designed ac'cording to the direct angular take-off 
principle, as contrasted with the parallel decelera-
tion lane principle. The damage to guardrails and 
markers, the tire scuffs on curbs, and some re-
ported accidents indicated that the deceleration 
distance to the ramp curb beyond the curb nose 
might be inadequate. The study was to determine 
whether the length of the ramp tangent approach- 

ing the ramp curve has any effect on ramp speed, 
and if so, what the optimum length of such a 
tangent is. 
"A Guide to Highway Safety Design and Operating 
Practices." FHWA, U.S. Dept. of Trans. (1968). 

Gives technical data on highway safety design, 
construction, and operating practices, and on sig-
nificant developments in these areas. The gore 
area is defined; then criteria are presented for 
gores at exit ramps on curves, signing in gore, 
traversable gores, and gore and approach nose 
delineation. 
"Highway Capacity Manual." HRB Special Report 87 
(1965). 

A condensed and authoritative source of the 
present empirical and theoretical information on 
highway capacity. Provides a standard set of ter-
minology and methods of measurement and 
analysis of capacity. Discusses the principal 
characteristics of traffic operation relating to 
capacity, for the various highway elements. 
HULBERT, S., "Tangential Off-Ramps on Freeways." 
Res. Report 43, Inst. of Trans. and Traffic Engineer-
ing, Univ. of Calif., Los Angeles (Dec. 1965). 

A study of methods of delineating the continu-
ing freeway lanes from the off-ramp. At three 
different ramps, films were made of the freeway 
and ramp (1) in their original condition, and 
(2) after arrowheads had been painted on the 
pavement and a large EXIT sign had been erected 
in the gore. The films were then used in the 
laboratory to ascertain any effects that the re-
medial changes had on driver behavior. 
HULBERT, S. F., "The Effects of Underlining on the 
Readability of Highway Destination Signs." Proc. 

HRB, Vol. 36 (1957) pp. 561-574. 
Deals with errors in the interpretation of high-

way destination signs. An experiment using the 
motion-picture technique was conducted on 140 
drivers to test certain remedial measures. The 
most practical measure seemed to be the addition 
on the sign of a horizontal line that would sepa-
rate the place names of different directions, thus 
reducing the possibility of the motorist's associat-
ing the wrong arrow with his destination. 
HULBERT, S., and WoJclK, C. K., "Development of 
an Expeditious Method for Off-Site Testing of Free-
way Sign Formats (Sign Tester) ." Inst. of Trans. and 
Traffic Engineering, Univ. of Calif., Los Angeles 
(Sept. 1965). 

The study tested the validity of a Sign Tester 
for use in securing drivers' responses to freeway 
interchange sign messages. The Tester is a full-
scale prototype device capable of presenting driv-
ers with a sequence of highway signs while they 
perform a tracking task. A total of 159 drivers 
were tested on three variations of signing at a 
freeway-to-freeway interchange. After driver re-
actions were compared with those of an earlier 
study of the same three variations using a motion- 
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picture technique, the Tester was concluded to be 
a device worthy of production. 

25 Jouzy, N. C., and MICHAEL, H. L., "Use and Design 
of Acceleration and Deceleration Lanes in Indiana." 
Hwy. Res. Record No. 9 (1963) pp. 25-51. 

The speed and lateral placement of vehicles on 
the various designs of the acceleration and de-
celeration lanes were studied to correlate the de-
sign with traffic behavior and driver requirements. 
A motion-picture technique was used to obtain 
data on speeds and lateral placement of traffic 
using the acceleration and deceleration lanes. 
Spot speeds of through-lane traffic were also 
measured using a concealed radar speed meter. 

26. KING, G. F., and LUNENFELD, H., "Development of 
Information Requirements and Transmission Tech-
niques for Highway Users." NCHRP Report 123 
(1971) 239 pp. 

Part I deals with drivers' information needs 
and their satisfaction; Part 2 is concerned with 
fixed highway signing; Part 3 provides noIes for 
a manual on information system design proce-
dures; and Part 4 contains appendices on detailed 
research procedures. 

27 LUNDY, R. A., "The Effect of Ranip Type and Ge-
ometry on Accidents." Hwy. Res. Record No. 163 
(1967) pp. 80-117. 

Objectives were (1) to learn more about free-
way ramps, (2) to determine which geometric 
features play important roles in ramp safety, and 
(3) to classify these features according to ramp 
type and relative safety merits. In a period of 
about three years, 722 freeway ramps in Cali-
fornia were studied. Correlations were found 
between accident rates and ramp type, relative 
freeway-to-ramp grades, fixed objects, speed-
change lane lengths, possible safe entrance speeds 
at on-ramp noses, and off-ramp radii. 

28 MACE, D. J., HOSTETTER, R. S., and SEGUIN, E. L., 
"Information Requirements for Exiting at Inter-
changes." No. 89211-F, HRB-Singer, Inc., State Col-
lege, Pa. (Sept. 1967). 

The study investigated the impact of the nature 
and amount of information and the presentation 
time on driver performance in the vicinity of 
freeway interchanges. A conceptual model of 
driver exiting behavior was developed which sug-
gested for investigation two variables: (1) in-
formation presentation time, and (2) informa-
tion lead distance. The essential characteristics 
of a proper exiting maneuver were also defined to 
provide criteria for evaluating driver performance. 

29 Manual on Uniform Traffic Control Devices. AASHO 
and the National Joint Committee on Uniform Traffic 
Control Devices (1971). 

Gives basic principles that govern the design 
and use of traffic control devices. Adopted by the 
Federal Highway Administrator as a National 
Standard for application on all classes of high-
ways.  

MCDERMOTT, I. M., and MCLEAN, C. H., "Improving 
Traffic Flow at Transfer Roadways on Collector-
Distributor Type Expressways." Hwy. Res. Record 
No. 59 (1964) pp. 83-103. 

Reports on the study of traffic operations at an 
express-to-local transfer roadway both before and 
after the installation of pavement markings. It 
was found that the quality of traffic operations 
could be improved by eliminating certain un-
desirable movements at the merging and diverg-
ing terminals. The pavement marking was con-
sidered an effective traffic control measure. 

MULLINS, B. F. K., and KEESE, C. J., "Freeway 
Traffic Accident Analysis and Safety Study." HRB 
Bull. 291 (1961) pp. 26-78. 

Reports on an attempt to determine the possi-
ble correlation between accident experience and 
specific geometric design elements on urban free-
ways. A study of some 10,000 accident records 
on 54 miles of freeways revealed that concentra-
tions of accidents generally involved: crests and 
sags; freeway ramps; interchange intersections 
and frontage roads; and fixed objects. Few con-
clusive relationships were found between acci-
dents and specific design features. However, poor 
visibility seemed to be a factor in all high accident 
frequency locations. 

NORTHWESTERN UNIVERSITY, "The Suitability of Left-
Hand Entrance and Exit Ramps for Freeways and 
Expressways." Dept. of Civil Eng., Evanston (June 
1969). 

Deals primarily with lefthand freeway en-
trance and exit ramps. A total of 34 left-hand 
ramps and 118 right-hand ramps were studied to 
compare the operational, capacity, and accident 
characteristics of these two ramp types. Particu-
lar design requirements of left-hand terminals 
were examined; emphasis was on merging and 
diverging visibility and the design of speed-change 
areas. A set of design recommendations was dé-
veloped for the future design and use of left-hand 
ramps. 

OPPENLANDER, J. C., and DAWSON, R. F., "Inter-
change." Chap. 9 in Traffic Control and Roadway 
Ele,nents—T heir Relationship to Highway Safety 
(rev.). Highway Users Fed. for Safety and Mobility, 
Washington, D.C. (1970). 

A state-of-the-art summary of research findings 
on the safety aspects of interchange design and 
control features. Topics include structure, ramp, 
entrance terminal, exit terminal, weaving area, 
and lane addition and drop. 
ORNE, D. E., "Rural Freeway Operational Surveillance 
Used to Evaluate Symbol Signs." Michigan State 
Highway Department, East Lansing (1966) (mimeo.). 

Erratic movement surveys were used as one 
aspect of rural freeway operational surveillance 
to analyze synibol signs. A survey technique was 
developed to relate driver confusion to driver 
action on freeway problem locations. Erratic 
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movement surveys were concluded to give com-
parative "before-and-after" data for new traffic 
control measures and to be a valuable tool for 
verifying suspected traffic operations problem 
locations. 

35 PATTERSON, J. R., "Colored Pavements." Annual Ohio 
Highway Engineering Conf., Ohio State Univ. (Apr. 
1966) (mimeo.). 

Topics covered include: (1) reasons for using 
colored pavements; (2) methods of achieving 
color in pavements; (3) pigmented synthetic resin 
systems; (4) methods of construction using syn-
thetic resin systems; (5) types of systems avail-

able; and (6) costs. 
36. PETERSON, S. G., and SCHOPPERT, D. W., "Motorists' 

Reactions to Signing on a Beltway." Hwy. Res. Rec-

ordNo. 170 (1967) pp. 1-34. 
A study to explore signing problems on belt-

ways. The Capital Beltway (1-495) around Wash-
ington, D.C., was chosen as a test site. Question-
naires, personal interviews, and field observations 
were used to collect data on driver reactions to 
existing signs on the Beltway. This information, 
combined with the opinions of traffic "experts" 
gathered from a seminar held for this purpose and 
the work done previously in California, has led 
to the development of three basic concepts for 
signing beltways. 

37 A Policy on Geometric Design of Rural Highways. 
AASHO (1965). 

An updated version of the "Blue Book" 
adopted by AASHO in 1954. Contains a com-
prehensive treatise on the geometric design of 
rural highways, encompassing practically all geo-
metric features of highway design except those 
specifically related to urban conditions. 

38 "Reduced Visibility (Fog) Study." Calif. Div. of 
Highways, Sacramento (Mar. 1967). 

A summary of research efforts to develop ad-
vance warning systems for motorists driving in 
reduced visibility conditions during foggy weather. 
The purpose was to find means of preventing the 
multiple-vehicle accidents associated with reduced 
visibility. 

39 ROBERTS, A. W., "Diagrammatic Sign Study—Phase I 
Report." Bureau of Safety and Traffic, New Jersey 
Dept. of Trans., Trenton (May 1970). 

An effort to evaluate the effectiveness of 
freeway-type diagrammatic signs. Diagrammatic 
signs and standard signs, as well as the original 
signs, were studied. A significant reduction in the 
rates of unusual maneuvers in front of a left-hand 
exit was found after diagrammatic signs were 

installed. 
40. ROTH, W. J., "Interchange Ramp Color Delineation 

and Marking Study." Hwy. Res. Record No. 325 

(1970) pp. 36-50. 
Evaluates the effects of special color coding 

(white for the through roadway, blue for the exit  

ramps, and yellow for the entrance ramps) at a 
series of conventional interchanges on a rural 
freeway. Driver interviews were taken at 14 exits 
to determine the degree of driver recognition and 
knowledge of the color-coded area. Drivers on 
the through route were also interviewed to gain 
their knowledge and recognition concerning the 
exit and entrance color-coding scheme. Concludes 
that the color coding presented a better delineated 
path. 
ROWAN, N. J., "Marking the Approach-Ends. of Chan-
nelization." Bull. No. 25, Texas Trans. Inst., Texas 
A&M Univ. (Sept. 1963). 

Channelizing islands and freeway ramps were 
extended, using a painted and reflectorized raised 
stripe formed by the "surface treatment" or "in-
verted penetration" techniques. It was found that 
the rumble effect of the stripe was better than the 
conventional reflectorized paint line in providing 
drivers with advance warning of physical barriers 
on the freeway. The visibility of the stripe was 
also improved. 
SCHOPPERT, D. W., MosKowlTz, K., HULBERT, S. F., 
and Buao, A., "Some Principles of Freeway Direc-
tional Signing." HRB Bull. 244 (1959) pp. 30-82. 

A study to determine: (1) the signing and 
marking aids sought by motorists in the use of 
freeways; (2) how well existing standards and 
practices provide these aids. Data were gathered 
through driver surveys—either roadside inter-
views or interviews at specific locations such as 
motels and licensing stations. The need most 
commonly expressed was for "more advance 
warning." 
SNYDER, I., and CRASSETTE, J. G., "Test of 'Dia-
grammatic' Design at Interstate 10 and S.R. 93." Ari-
zona Highway Dept., Phoenix (June 1969). 

Findings of a test of a "diagrammatic" sign. 
The performance of this sign and that of the old 
sign were compared in terms of approach speeds 
of vehicles on 1-10 using the exit ramp to Ariz. 93. 
Various professional traffic engineering personnel 
evaluated the sign by personal observation, and 
motorists' opinions of the sign were obtained. 
Special AASHO Traffic Safety Committee, Highway 
Design and Operational Practices Related to Highway 

Safety. AASHO (Feb. 1967). 
A report of the Special AASHO Traffic Safety 

Committee on geometric design and traffic opera-
tions as related to highway safety. Recommenda-
tions on various design criteria were given. These 
include minimum spacing of interchanges, guid-
ing principles on ramp and gore area design, and 
left-turn requirements. 
STARK, H. E., "Freeway Design Elements." Traffic 

Eng. (Feb. 1961) pp. 17-21. 
Design aspects of freeways. Design elements 

discussed include interchanges, ramps, cross-
section elements, signing, marking, and delinea-
tion. 
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46. STEPHENS, B. W., ROSEN, D. A., MAMMANO, F. J., 
and GIBBS, W. L., "Third Generation Destination 
Signing: An Electronic Route Guidance System." 
Hwy. Res. Record No. 265 (1969) pp. 1-18. 

An analysis of the problem of routing a driver 
safely and efficiently from his origin to his des- 
tination. Present highway routing and naviga-
tional methods and procedures were examined in 
the context of a systems analysis. Techniques for 
communicating with drivers were considered. 
The result of this analysis was a route guidance 
system concept and a plan for its implementation. 

47 TARAGIN, A., and RUDY, B. M., "Traffic Operations 
as Related to Highway Illumination and Delineation." 
HRB Bull. 255 (1960) pp. 1-29. 

The purpose was to evaluate the effectiveness 
of highway lighting per se, with roadside delinea-
tion, with pavement markings, and with combina-
tions of these under full, partial, and no illumi-
nation. Driver data were recorded under nine 
different conditions of highway illumination and 
delineation at one on-ramp and one off-ramp on 
a mercury-illuminated section of the Connecticut 
Turnpike. The importance of delineation, with or 
without illumination, is demonstrated. 

48 TAYLOR, J. I., MCGEE, H. W., SEGUIN, E. L., and 
HOSTETTER, R. S., "Roadway Delineation Systems." 
NCHRP Report 130 (1972) 349 pp. 

A study to determine: (1) the effectiveness of 
present roadway delineation devices, and (2) con-
ditions that warrant the installation of a particular 
type of delineation treatment. A comprehensive 
review was made of current practices and recent 
research findings. Then, drivers' delineation re-
quirements were defined; techniques for deter-
mining the effectiveness of delineation treatments 
were established; and promising delineation sys-
tems were tested to develop practical criteria for 
the selection of delineation treatments. Colored 
pavements were also evaluated. Based on the 
findings, a set of guideline forms was prepared for 
use by traffic engineers in the decision-making 
process regarding future delineation treatments. 

49 TAYLOR, S. S., "Traffic Markings and Markers." 
Chap. 9 of Traffic Engineering Handbook, J. E. Baer-
wald (ed.), Inst. of Traffic Engineers, Washington, 
D.C. (1965). 

Covers standard design, application, and speci-
fications for pavement, curb, and obstacle mark- 
ings, and for pavement and roadside markers. A 
most valuable reference for practicing engineers 
and planners dealing with specific traffic matters. 

50. TAYLOR, W. C., "Public Response to Color Coding—
An Analysis of Colored Edge Lining and Delineators 
on Interchange Ramps." Better Roads (June 1966) 
pp. 20-22. 

A study to determine if drivers found the addi-
tion of color to delineators and edge lines on 
interchange ramps to be a helpful guidance sys-
tem. Interviews were conducted to gather data 

on driver awareness, understanding, and opinion 
of color coding. 

TIPTON, W. F., CARVELL, J. D., and PINNELL, C., 
"Effects of Off-Ramps on Freeway Operation." Res. 
Report 59-4, Texas Trans. Inst., Texas A&M Univ. 
(Oct. 1965). 

A study to investigate the effects of off-ramps 
on freeway operations. Several factors of off-
ramp location, design, and operation were stud-
ied. These include: (1) deceleration distance, 
(2) off-ramp capacity, (3) short trip generation, 
(4) weaving maneuvers, (5) access control, and 
(6) access provision. 
TUTT, P. R., and NIXON, J. F., "Driver Communica-
tion Through Roadway Delineation." Res. Report No. 
SS 12.1, Texas Highway Dept., Austin (1969). 

This study used the diagnostic team approach 
to evaluate various patterns of delineation for 
freeway exit ramps. The study emphasized the 
use of raised pavement markers, and particularly 
the use of different colors and spacings. The most 
profound difference was the improvement of a 
ramp with raised pavement markers, as compared 
to one without. 

U.S. CONGRESS, HOUSE COMM. ON PUBLIC WORKS, 
Highway Safety, Design and Operations—Roadside 
Hazards: Hearings Before the Special Subcommittee 
on the Federal-Aid Highway Program of the Com-
mittee on Public Works, House of Representatives. 
90th Cong., 1st Sess. (1967). 

Congressional hearings to inquire into certain 
questions bearing on the design and operational 
efficiency of highways. Several professionals and 
highway personnel testified. 

U.S. CONGRESS, HOUSE COMM. ON PUBLIC WORKS, 
Highway Safety, Design and Operations—Freeway 
Signing and Related Geometries: Hearings Before the 
Special Subcommittee on the Federal-Aid Highway 
Program of the Committee on Public Works of the 
House of Representatives. 90th Cong., 2nd Sess. 
(1968). 

Congressional hearings on freeway signing and 
geometrics as related to highway safety, design, 
and operations. Includes testimony of federal and 
state highway officials, research psychologists, 
traffic engineers, highway users, and traffic con-
sultants. 

ALAN M. VOORHEES & ASSOCIATES, "Freeway Signing: 
Concepts and Criteria." Prepared for Office of High-
way Safety, U.S. Bureau of Public Roads (June 1966). 

Signing on beitways around urban centers re-
ceives special attention. The study was (1) to 
obtain and evaluate information from motorists 
on the kinds of sign messages they need and de-
sire to drive a beltway safely and efficiently; and 
(2) to translate this into effective criteria for 
message selection on freeway signing. The Capi-
tal Beltway around Washington, D.C., was se-
lected as the laboratory. All signing on and lead- 
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56. 

57 

ing to the Beltway was inventoried to obtain a set 
of present conditions. A questionnaire survey 
and field observations were used to collect data 
on driver reactions to the existing signs. Traffic 
engineers' opinions were then used to compare 
user comments. Concepts and criteria were for-
mulated from these and previous studies of 
signing. 
WEBB, G. M., "Correlation of Geometric Design and 
Directional Signing." Calif. Div. of Highways, Sacra-
mento (Oct. 1956). 

Explores the relationship between geometric de-
sign and directional signing of highways. If maxi-
mum traffic service is to be obtained, signing must 
be coordinated with the planning and design. To 
achieve maximum compatibility between the sign-
ing and the design requires consideration, during 
the design period, of route continuity, traffic 
interchange design, and sign visibility. 
WooDs, D. L., ROWAN, N. J., and JOHNSON, J. H., 
"Significant Points from the Diagnostic Field Studies 

—Summary Report." Res. Report No. 606-4, Texas 

Trans. Inst., Texas A&M Univ. (Sept. 1970). 
A study on highway visual communication sys-

tems. Current practices in visual commilnica-
tions were reviewed, and problem areas were 
identified. A diagnostic study technique for 
evaluation of highway design and traffic opera-
tion was developed. 

58. YATES, J. G. "Relationship Between Curvature and 
Accident Experience on Loop and Outer Connection 
Ramps." Hwy. Res. Record No. 312 (1970) pp. 

64-75. 
Studies both right and left entering/exit loop 

ramps and outer connection ramps of the Inter-
state System. Geometric variables, maximum 
curvature, traffic variables, ADT, and several 
characteristics of ramp accidents were ex-
amined. Accident rates were compared between 
no-curvature and curvature outer connections as 
well as low-curvature and high-curvature loop 
ramps. 

APPENDIX F 

DRIVER INTERVIEW FORMS 
FORM 1. SAMPLE ERRATIC MANEUVER DATA COLLECTION SHEET 

Harbor Tunnel 
Thruway 	 Balti,eore-WaehingtOn 

Parkway 
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IST

(DA 

TE: 	

Aug. 14, 1971 

	

I

TIME 	REMASXS 

	

:::: 	P11k_I

truck

n  1025 	do 61 la 	ha g 

1026 	looked at map for a 

minute 

1030 

Observed by TP 

Instruction5 Sketch path of vehicles that make erratic 
maneuversand note any comments in Remarks section. 
Limit sketches to 5 per page. 
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FORM 2 	RAMP QUESTIONNAIRE 

1. Location:  2. 	Interview No:________________ 

3. Time:  4. 	Date:_______________________ 

S. Light Condition: 	D 	or 	N 

I. THE DRIVER 

6. Sex: 	M 	or 	F 7. 	State:______________________ 
(from licence plate) 

 Age:. 	25 or 	26 to 	41 to 56 or 
less 	40 	55 older 	 Guess - Circle one 

 "How often do you use more than ONCE A WEEK Circle 
this exit?" more than ONCE A MONTH appro- 

more than ONCE A YEAR priate 
NEVER BEFORE OR SELDOM Answer 

"For the next question choose the most appropriate answer" 

 "Right now are you commuting to WORK Read all 
on a SHOPPING TRIP Circle 
on PRIVATE BUSINESS TRIP one 
on a RECREATION TRIP 

 "Is this trip over 50 mi?" Yes or No Circle 
one 

 "In planning your route did you 
coneOlt a nap?' Yes or .No Circle 

one 
(Don't ash if-a commuter trip) 

 "Where did you start this 
trip today?"  

(City and State) 

 "Where are you going 
(City and State) 

Type of Erratic 

FORM 3 THRU-ROUTE QUESTIONNAIRE 

1. Location: 	2. Interview No:__________________ 

3, Time: (service time) 	4. Date:__________________________ 

Light Condition: D or N 

I. THE DRIVER 

Sex: M or F 	 7. State:________________________ 
(from license plate) 

8. Age: 25 or 	26 to 	41 to 	56 or 	 Guess 
less 	40 	55 	older 	 Circle Oxie 

9. "How often do you use this 	more than ONCE A WEEK 	Circle 
route?" 	 more than ONCE A MONTH appropriate 

more than ONCE A YEAR 	answer 
NEVER BEFORE OR SELDOM 

"For the next question choose the most appropriate answer" 

10. "Right now are you 	 comuting to WORK 	read all, 
going SHOPPING 	 circle one 
on private BUSINESS 
going for RECREATION 

11. "Is this trip over 50 mi?" 	Yes or No 	 Circle one 

12. "In planning your route did you 
use a MAP? 	 Yes or No 	 Circle one 

13. "Where did you start this 
trip today?"  

(Enter City & State, Section of Town) 

14. "Where are you going now?" 	
(Enter City & State, Section of Town) 

Type of Erratic  

FORM 2 RAMP QUESTIONNAIRE (Continued) 

II. THE EXIT 

 "Did you know this was the exit Yes, ALL ALONG Wait for 
you wanted?" YES, AT THE LAST MIN. answer, 

Really NOT SURE select 
IT WASN'T one 

 "Doyou think the signs mode YES Wait for 
it clear to you that this ROUGHLY answer, 
was the exit you wanted?" NO select 

one 

 (Dom't ask if answer to above was yes) 
"Was there anything in -particular about the signs that confused you?" 

 "Did you have enough advance YES Wait for 
information to get reedy for 
this exit?" 

BARELY 
NO 

answer, 
select one 

 "Were yoa -ableto distinguish YES, EXACTLY Wait for 
the location of the exit ramp?" APPROXIMATELY answer, 

NO select one 

 "Do you think the road mark- YES, EXACTLY Wait for 
ings clearly identified where 
the ramp 

APPROXIMATELY 
NO 

answer, 
select one 

 "Do you feel there is anything  
wrong with this exit?" 

 (For these who mode erratic maneuvers and gave no particular reason) 

"You were observed having difficulty (cite specific erratic maneuver 
if possible) in exiting. 	Was there any particular reason for this? 

 Other Comment made during interview 

Interviewed by:_______________________ 

FORM 3 	THRU-ROUrE QUESTIONNAIRE (Continued) 

IT. THE FALSE EXIT 

 "At the last exit ramp, you were Yes, ALL ALONG Wait for 
observed having difficOlty in Yes, AT THE LAST MIN answer, 
deciding whether or not to exit. Really NOT SURE select one 
Did you think that was the exit IT WASN'T 
you wanted?" 

 "Did you have problems identi- 
fying where to go?" Yes or No Circle one 

 "Do you think the signs mode Yes, EXACTLY Wait for 
it clear to you whether or not Just ROUGHLY answer, 
this was your exit?" NO select one 

Comment 

 "Was there anything in particular about the signs that confused you?" 

Comment 

 "Were you able to distinguish Yes, EXACTLY Wait for 
the location of the exit ramp?" Just ROUGHLY answer, 

NO select one 

 "Do you think the road mark- Yes, EXACYLY Wait for 
ings clearly identified where Just ROUGHLY answer, 
the ramp was?" NO select one 

 "Do you feel there is anything else wrong with this exit?" 

Comment 

 "Were there any other particular problems you had with this exit?" 

Comment 

Other Comments mode during intervis 

Interviewed 



Published reports of the Rep. 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 
No. Title 

 
20 Economic Study of Roadway Lighting (Proj. 5-4), 

are available from: 77 p., 	$3.20 
Highway Research Board 21 Detecting Variations in Load-Carrying Capacity of 

National Academy of Sciences Flexible Pavements (Proj. 1-5), 	30 p., 	$1.40 
2101 Constitution Avenue 22 Factors Influencing Flexible Pavement Performance 
Washington, D.C. 20418 (Proj. 1-3(2)), 	69 p., 	$2.60 

23 Methods for Reducing Corrosion of Reinforcing 

Rep. Steel (Proj. 6-4), 	22 p., 	$1.40 

No. Title 24 Urban Travel Patterns for Airports, Shopping Cen- 
ters, and Industrial Plants 	(Proj. 7-1), 	116 p., —* A Critical Review of Literature Treating Methods of $5.20 

Identifying Aggregates Subject to Destructive Volume 25 Potential Uses of Sonic and Ultrasonic Devices in 
Change When Frozen in Concrete and a Proposed Highway Construction (Proj. 10-7), 	48 p., 	$2.00 
Program of Research—Intermediate Report (Proj. 26 Development of Uniform Procedures for Establishing 
4-3(2)), 	81 p., 	$1.80 Construction Equipment Rental Rates (Proj. 13-1), 

1 Evaluation of Methods of Replacement of Deterio- 33 p., 	$1.60 
rated Concrete in Structures (Proj. 6-8), 	56 p., 27 Physical Factors Influencing Resistance of Concrete 
$2.80 to Deicing Agents (Proj. 6-5), 	41 p., 	$2.00 

2 An Introduction to Guidelines for Satellite Studies of 28 Surveillance Methods and Ways and Means of Corn-. 
Pavement Performance (Proj. 1-1), 	19 p., 	$1.80 municating with Drivers (Proj. 3-2), 	66 p., 	$2.60 

2A Guidelines for Satellite Studies of Pavement Per- 29 Digital-Computer-Controlled Traffic Signal System 
formance, 	85 p.+9 figs., 26 tables, 4 app., 	$3.00 for a Small City (Proj. 3-2), 	82 p., 	$4.00 

3 Improved Criteria for Traffic Signals at Individual 30 Extension of AASHO Road Test Performance Con- 
Intersections—Interim Report (Proj. 3-5), 	36 p., cepts (Proj. 1-4(2)), 	33 p., 	$1.60 
$1.60 31 A Review of Transportation Aspects of Land-Use 

4 Non-Chemical Methods of Snow and Ice Control on Control (Proj. 8-5), 	41 p., 	$2.00 
Highway Structures (Proj. 6-2), 	74 p., 	$3.20 32 Improved Criteria for Traffic Signals at Individual 

5 Effects of Different Methods of Stockpiling Aggre- Intersections (Proj. 3-5), 	134 p., 	$5.00 
gates—Interim Report (Proj. 10-3), 	48 p., 	$2.00 33 Values of Time Savings of Commercial Vehicles 

6 Means of Locating and Communicating with Dis- (Proj. 2-4), 	74 p., 	$3.60 
abled Vehicles—Interim Report (Proj. 3-4), 	56 p. 34 Evaluation of Construction Control Procedures— 
$3.20 Interim Report (Proj. 	10-2), 	117 p., 	$5.00 

7 Comparison of Different Methods of Measuring 35 Prediction of Flexible Pavement Deflections from 
Pavement Condition—Interim Report (Proj. 1-2), Laboratory 	Repeated-Load 	Tests 	(Proj. 	1-3(3)), 
29p., 	$1.80 117 p., 	$5.00 

8 Synthetic 	Aggregates 	for 	Highway 	Construction 36 Highway Guardrails—A Review of Current Practice 
(Proj. 4-4), 	13 p., 	$1.00 (Proj. 15-1), 	33 p., 	$1.60 

9 Traffic Surveillance and Means of Communicating 37 Tentative Skid-Resistance Requirements for Main 
with Drivers—Interim Report (Proj. 3-2), 	28 p., Rural Highways (Proj. 1-7), 	80 p., 	$3.60 
$1.60 38 Evaluation of Pavement Joint and Crack Sealing Ma- 

10 Theoretical Analysis of Structural Behavior of Road terials and Practices (Proj. 9-3), 	40 p., 	$2.00 
Test Flexible Pavements (Proj. 1-4), 	31 p., 	$2.80 39 Factors Involved in the Design of Asphaltic Pave- 

11 Effect of Control Devices on Traffic Operations— ment Surfaces (Proj. 1-8), 	112 p., 	$5.00 
Interim Report (Proj. 3-6), 	107 p., 	$5.80 40 Means of Locating Disabled or Stopped Vehicles 

12 Identification of Aggregates Causing Poor Concrete (Proj. 3-4(1)), 	40 p., 	$2.00 
Performance When Frozen—Interim Report (Proj. 41 Effect of Control Devices on Traffic Operations 
4-3(1)), 	47 p., 	$3.00 (Proj. 3-6), 	83 p., 	$3.60 

13 Running Cost of Motor Vehicles as Affected by High- 42 Interstate Highway Maintenance Requirements and 
way Design—Interim Report (Proj. 2-5), 	43 p., Unit Maintenance Expenditure Index (Proj. 14-1), 
$2.80 	 . 144 p., 	$5.60 14 Dhnsity and Moisture Content Moasurcmcnts by 43 Density and Moisture Content Measurements by Nuclear 	Methods—Interim 	Report 	(Proj. 	105), 
32 p., 	$3.00 

Nuclear Methods (Proj. 10-5), 	38 p., 	$2.00 

15 Identification 	of 	Concrete 	Aggregates 	Exhibiting 44 Traffic Attraction of Rural Outdoor Recreational 

Frost Susceptibility—Interim Report (Proj. 4-3(2)), Areas (Proj. 7-2), 	28 p., 	$1.40 

66 p., 	$4.00 45 Development of Improved Pavement Marking Ma- 
16 Protective Coatings to Prevent Deterioration of Con- terials—Laboratory 	Phase 	(Proj. 	5-5), 	24 	p., 

crete by Deicing Chemicals (Proj. 6-3), 	21 p., 
$1.40 

$1.60 46 Effects of Different Methods 	of Stockpiling and 
17 Development of Guidelines for Practical and Realis- Handling 	Aggregates 	(Proj. 	10-3), 	102 	p., 

tic Construction Specifications (Proj. 10-1), 	109 p., $4.60 
$6.00 47 Accident Rates as Related to Design Elements of 

18 Community Consequences of Highway Improvement Rural Highways (Proj. 2-3), 	173 p., 	$6.40 
(Proj. 2-2), 	37 p., 	$2.80 48 Factors and Trends in Trip Lengths (Proj. 7-4), 

19 Economical and Effective Deicing Agents for Use on 70 p., 	$3.20 
Highway Structures (Proj. 6-1), 	19 p., 	$1.20 49 National Survey of Transportation Attitudes and 

__________ Behavior—Phase I Summary Report (Proj. 20-4), * Highway Research Board Special Report 80. 71 p., 	$3.20 



Rep. 
No. Title 
50 Factors Influencing Safety at Highway-Rail Grade 

Crossings (Proj. 3-8), 	113 p., 	$5.20 

	

51 	Sensing and Communication Between Vehicles (Proj. 
3-3), 	105 p., 	$5.00 

52 Measurement of Pavement Thickness by Rapid and 
Nondestructive Methods (Proj. 10-6), 	82 p., $3.80 

53 Multiple Use of Lands Within Highway Rights-of- 
Way (Proj. 7-6), 	68 p., 	$3.20 

54 Location, Selection, and Maintenance of Highway 
Guardrails and Median Barriers (Proj. 15-1(2)), 
63 p., 	$2.60 

55 Research Needs in Highway Transportation (Proj. 
20-2), 	66 p., 	$2.80 

	

56 	Scenic Easements—Legal, Administrative, and Valua- 
tion Problems and Procedures (Proj. 11-3), 174 p., 
$6.40 

57 Factors Influencing Modal Trip Assignment (Proj. 
8-2), 	78 p., 	$3.20 

58 Comparative Analysis of Traffic Assignment Tech-
niques with Actual Highway Use (Proj. 7-5), 85 p., $3.60 

59 Standard Measurements for Satellite Road Test Pro- 
gram (Proj. 1-6), 	78 p., 	$3.20 

60 Effects of Illumination on Operating Characteristics 
of Freeways (Proj. 5-2) 	148 p., 	$6.00 

	

61 	Evaluation of Studded Tires—Performance Data and 
Pavement Wear Measurement (Proj. 1-9), 	66 p., $3.00 

62 Urban Travel Patterns for Hospitals, Universities, 
Office Buildings, and Capitols (Proj. 7-1), 	144 p., $5.60 

63 Economics of Design Standards for Low-Volume 
Rural Roads (Proj. 2-6), 	93 p., 	$4.00 

	

64 	Motorists' Needs and Services on Interstate Highways 
(Proj. 7-7), 	88 p., 	$3.60 

65 One-Cycle Slow-Freeze Test for Evaluating Aggre-
gate Performance in Frozen Concrete (Proj. 4-3(1)), 
21 p., 	$1.40 

66 Identification of Frost-Susceptible Particles in Con- 
crete Aggregates (Proj. 4-3(2)), 	62 p., 	$2.80 

67 Relation of Asphalt Rheological Properties to Pave- 
ment Durability (Proj. 9-1), 	45 p., 	$2.20 

68 Application of Vehicle Operating Characteristics to 
Geometric Design and Traffic Operations (Proj. 3- 
10), 	38 p., 	$2.00 

69 Evaluation of Construction Control Procedures—
Aggregate Gradation Variations and Effects (Proj. 
10-2A), 	58 p., 	$2.80 

70 Social and Economic Factors Affecting Intercity 
Travel (Proj. 8-1), 	68 p., 	$3.00 

71 	Analytical Study of Weighing Methods for Highway 
Vehicles in Motion (Proj. 7-3), 	63 p., 	$2.80 

72 Theory and Practice in Inverse Condemnation for 
Five Representative States (Proj. 11-2), 	44 p., $2.20 

73 Improved Criteria for Traffic Signal Systems on 
Urban Arterials (Proj. 3-5/ 1), 	55 p., 	$2.80 

74 Protective Coatings for Highway Structural Steel 
(Proj. 4-6), 	64 p., 	$2.80 

74A Protective Coatings for Highway Structural Steel— 
Literature Survey (Proj. 4-6), 	275 p., 	$8.00 

74B Protective Coatings for Highway Structural Steel— 
Current Highway Practices (Proj. 4-6), 	102 p., $4.00 

75 Effect of Highway Landscape Development on 
Nearby Property (Proj. 2-9), 	82 p., 	$3.60  

Rep. 
No. Title 

76 Detecting Seasonal Changes in Load-Carrying Ca-
pabilities of Flexible Pavements (Proj. 1-5(2)), 
37 p., 	$2.00 

77 	Development of Design Criteria for Safer Luminaire 
Supports (Proj. 15-6), 	82 p., 	$3.80 

78 Highway Noise—Measurement Simulation, and 
Mixed Reactions (Proj. 3-7), 	78 p., 	$3.20 79 	Development of Improved Methods for Reduction of 
Traffic Accidents (Proj. 17-1), 	163 p., 	$6.40 80 	Oversize-Overweight Permit Operation on State High- 
ways (Proj. 2-10), 	120 p., 	$5.20 

81 Moving Behavior and Residential Choice—A Na- 
tional Survey (Proj. 8-6), 	129 p., 	$5.60 

82 National Survey of Transportation Attitudes and 
Behavior—Phase II Analysis Report (Proj. 20-4), 
89 p., 	$4.00 

83 Distribution of Wheel Loads on Highway Bridges 
(Proj. 12-2), 	56 p., 	$2.80 

84 Analysis and Projection of Research on Traffic 
Surveillance, Communication, and Control (Proj. 
3-9), 	48 p., 	$2.40 

85 Development of Formed-in-Place Wet Reflective 
Markers (Proj. 5-5), 	28 p., 	$1.80 

86 Tentative Service Requirements for Bridge Rail Sys- 
tems (Proj. 12-8), 	62 p., 	$3.20 

87 	Rules of Discovery and Disclosure in Highway Con- 
demnation Proceedings (Proj. 11-1(5)), 	28 p., $2.00 

88 Recognition of Benefits to Remainder Property in 
Highway Valuation Cases (Proj. 11-1(2)), 	24 p., $2.00 

89 Factors, Trends, and Guidelines Related to Trip 
Length (Proj. 7-4), 	59 p., 	$3.20 

90 Protection of Steel in Prestressed Concrete Bridges 
(Proj. 12-5), 	86 p., 	$4.00 

91 	Effects of Deicing Salts on Water Quality and Biota 
—Literature Review and Recommended Research 
(Proj. 16-1), 	70 p., 	$3.20 

92 Valuation and Condemnation of Special Purpose 
Properties (Proj. 11-1(6)), 	47 p., 	$2.60 

93 	Guidelines for Medial and Marginal Access Control 
on Major Roadways (Proj. 3-13), 	147 p., $6.20 

94 Valuation and Condemnation Problems Involving 
Trade Fixtures (Proj. 11-1(9)), 	22 p., 	$1.80 

95 Highway Fog (Proj. 5-6), 	48 p., 	$2.40 
96 Strategies for the Evaluation of Alternative Trans- 

portation Plans (Proj. 8-4), 	111 p., 	$5.40 
97 Analysis of Structural Behavior of AASHO Road 

Test Rigid Pavements (Proj. 1-4(1)A), 	35 p., $2.60 
98 Tests for Evaluating Degradation of Base Course 

Aggregates (Proj. 4-2), 	98 p. 	$5.00 
99 Visual Requirements in Night Driving (Proj. 5-3), 

38 p., 	$2.60 
100 Research Needs Relating to Performance of Aggre- 

gates in Highway Construction (Proj. 4-8), 	68 p., $3.40 
101 Effect of Stress on Freeze-Thaw Durability of Con- 

crete Bridge Decks (Proj. 6-9), 	70 p., 	$3.60 
102 Effect of Weidments on the Fatigue Strength of Steel 

Beams (Proj. 12-7), 	114p., 	$5.40 
103 Rapid Test Methods for Field Control of Highway 

Construction (Proj. 10-4), 	89 p., 	$5.00 
104 Rules of Compensability and Valuation Evidence 

for Highway Land Acquisition (Proj. 11-1), 
77 p., 	$4.40 



Rep. 
No. Title 

105 Dynamic Pavement Loads of Heavy Highway Vehi- 
cles (Proj. 15-5), 	94 p., 	$5.00 

106 Revibration of Retarded Concrete for Continuous 
Bridge Decks (Proj. 18-1), 	67 P., 	$3.40 

107 New Approaches to Compensation for Residential 
Takings (Proj. 11-1(10)), 	27 p., 	$2.40 

108 Tentative Design Procedure for Riprap-Lined Chan- 
nels (Proj. 15-2), 	75 p., 	$4.00 

109 Elastomeric Bearing Research (Proj. 12-9), 	53 p., 
$3.00 

110 Optimizing Street Operations Through Traffic Regu- 
lations and Control (Proj. 3-11), 	100 p., 	$4.40 

111 Running Costs of Motor Vehicles as Affected by 
Road Design and Traffic (Proj. 2-5A and 2-7), 
97 p., 	$5.20 

112 Junkyard Valuation—Salvage Industry Appraisal 
Principles Applicable to Highway Beautification 
(Proj. 11-3(2)), 	41 p., 	$2.60 

113 Optimizing Flow on Existing Street Networks (Proj. 
3-14), 	414 p., 	$15.60 

114 Effects of Proposed Highway Improvements on Prop- 
erty Values (Proj. 11-1(1)), 	42 p., 	$2.60 

115 Guardrail Performance and Design (Proj. 15-1(2)), 

70 p., 	$3.60 
116 Structural Analysis and Design of Pipe Culverts 

(Proj. 15-3), 	155 p.,  $6.40 
117 Highway Noise—A Design Guide for Highway En- 

gineers (Proj. 3-7), 	79 p., 	$4.60 
118 Location, Selection, and Maintenance of Highway 

Traffic Barriers (Proj. 15-1(2)), 	96 p., 	$5.20 
119 Control of Highway Advertising Signs—Some Legal 

Problems (Proj. 11-3(1)), 	72 p., 	$3.60 
120 Data Requirements for Metropolitan Transportation 

Planning (Proj. 8-7), 	90 p., 	$4.80 
121 	Protection of Highway Utility (Proj. 8-5), 	115 p., 

$5.60 
122 Summary and Evaluation of Economic Consequences 

of Highway Improvements (Proj. 2-11), 	324 p., 
$13.60 

123 Development of Information Requirements and 
Transmission Techniques for Highway Users (Proj. 
3-12), 	239 p., 	$9.60 

124 Improved Criteria for Traffic Signal Systems in 
Urban Networks (Proj. 3-5), 	86 p., 	$4.80 

125 Optimization of Density and Moisture Content Mea-
surements by Nuclear Methods (Proj. 10-5A), 
86 p., 	$4.40 

126 Divergencies in Right-of-Way Valuation (Proj. 11- 
4), 	57 p., 	$3.00 

127 Snow Removal and Ice Control Techniques at Inter- 
changes (Proj. 6-10), 	90 p., 	$5.20 

128 Evaluation of AASHO Interim Guides for Design 
of Pavement Structures (Proj. 1-11), 	111 p., 
$5.60 

129 Guardrail Crash Test Evaluation—New Concepts 
and End Designs (Proj. 15-1(2)), 	89 p., 
$4.80 

130 Roadway Delineation Systems (Proj. 5-7), 349 p., 
$14.00 

131 Performance Budgeting System for Highway Main- 
tenance Management (Proj. 19-2(4)), 	213 p., 
$8.40 

132 Relationships Between Physiographic Units and 
Highway Design Factors (Proj. 1-3(1)), 	161 p., 
$7.20 

Rep. 
No. Title 

133 Procedures for Estimating Highway User Costs, Air 
Pollution, and Noise Effects (Proj. 7-8), 	127 p., 
$5.60 

134 Damages Due to Drainage, Runoff, Blasting, and 
Slides (Proj. 11-1(8)), 	23 p., 	$2.80 

135 Promising Replacements for Conventional Aggregates 
for Highway Use (Proj. 4-10), 	53 p., 	$3.60 

136 Estimating Peak Runoff Rates from Ungaged Small 
Rural Watersheds (Proj. 15-4), 	85 p., 	$4.60 

137 Roadside Development—Evaluation of Research 
(Proj. 16-2), 	78 p., 	$4.20 

138 Instrumentation for Measurement of Moisture—
Literature Review and Recommended Research 
(Proj. 21-1), 	60 p., 	$4.00 

139 Flexible Pavement Design and Management—Sys- 
tems Formulation (Proj. 1-10), 	64 p., 	$4.40 

140 Flexible Pavement Design and Management—Ma- 
terials Characterization (Proj. 1-10), 	118 p., 
$5.60 

141 Changes in Legal Vehicle Weights and Dimensions—
Some Economic Effects on Highways (Proj. 19-3), 
184.p., 	$8.40 

	

142 Valuation of Air Space (Proj. 11-5), 	48 p., 
$4.00 

143 Bus Use of Highways—State of the Art (Proj. 8-10), 
406 p., 	$16.00 

144 Highway Noise—A Field Evaluation of Traffic Noise 
Reduction Measures (Proj. 3-7), 	80 p., 	$4.40 

145 Improving Traffic Operations and Safety at Exit Gore 
Areas (Proj. 3-17) 	120 p., 	$6.00 



Synthesis of Highway Practice 

No. Title 

1 	Traffic Control for Freeway Maintenance (Proj. 20-5, 
Topic 1), 	47 p., 	$2.20 

2 Bridge Approach Design and Construction Practices 
(Proj. 20-5, Topic 2), 	30 p., 	$2.00 

3 Traffic-Safe and Hydraulically Efficient Drainage 
Practice (Proj. 20-5, Topic 4), 	38 p., 	$2.20 

4 	Concrete Bridge Deck Durability (Proj. 20-5, Topic 
3), 	28 p., 	$2.20 

5 Scour at Bridge Waterways (Proj. 20-5, Topic 5), 
37 p., 	$2.40 

6 Principles of Project Scheduling and Monitoring 
(Proj. 20-5, Topic 6), 	43 p., 	$2.40 

7 Motorist Aid Systems (Proj. 20-5, Topic 3-01), 
28 p., 	$2.40 

8 	Construction of Embankments (Proj. 20-5, Topic 9), 
38 p., 	$2.40 

9 Pavement Rehabilitation—Materials and Techniques 
(Proj. 20-5, Topic 8), 	41p., 	$2.80 

10 Recruiting, Training, and Retaining Maintenance and 
Equipment Personnel (Proj. 20-5, Topic 10), 35 p., 
$2.80 

11 Development of Management Capability (Proj. 20-5, 
Topic 12), 	50p., 	$3.20 

12 Telecommunications Systems for Highway Admin-
istration and Operations (Proj. 20-5, Topic 3-03), 
29 p., 	$2.80 

13 Radio Spectrum Frequency Management (Proj. 20-5, 
Topic 3-03), 	32 p., 	$2.80 

	

14 Skid Resistance (Proj. 20-5, Topic 7), 	66 p., 
$4.00 

15 Statewide Transportation Planning—Needs and Re- 
quirements (Proj. 20-5, Topic 3-02), 	41 p., 
$3.60 

16 Continuously Reinforced Concrete Pavement (Proj. 
20-5, Topic 3-08), 	23 p., 	$2.80 

17 Pavement Traffic Marking—Materials and Applica-
tion Affecting Serviceability (Proj. 20-5, Topic 3- 
05), 	44 p., 	$3.60 

18 Erosion Control on Highway Construction (Proj. 
20-5, Topic 4-01), 	52 p., 	$4.00 

19 Design, Construction, and Maintenance of PCC 

	

Pavement Joints (Proj. 20-5, Topic 3-04), 	40 p., 
$3.60 

	

20 Rest Areas (Proj. 20-5, Topic 4-04), 	38 p., 
$3.60 



T H E NATIONAL  ACADEMY OF SCIENCES is a private, honorary organiza-

tion of more than 700 scientists and engineers elected on the basis of outstanding 
contributions to knowledge. Established by a Congressional Act of Incorporation 
signed by President Abraham Lincoln on March 3, 1863, and supported by private 
and public funds, the Academy works to further science and its use for the general 
welfare by bringing together the most qualified individuals to deal with scientific and 
technological problems of broad significance. 

Under the terms of its Congressional charter, the Academy is also called upon 
to act as an official—yet independent—adviser to the Federal Government in any 
matter of science and technology. This provision accounts for the close ties that 
have always existed between the Academy and the Government, although the Academy 
is not a governmental agency and its activities are not limited to those on behalf of 
the Government. 

THE NATIONAL ACADEMY OF ENGINEERING was established on December 
5, 1964. On that date the Council of the National Academy of Sciences, under the 
authority of its Act of Incorporation, adopted Articles of Organization bringing 
the National Academy of Engineering into being, independent and autonomous 
in its organization and the election of its members, and closely coordinated with 
the National Academy of Sciences in its advisory activities. The two Academies 
join in the furtherance of science and engineering and share the responsibility of 
advising the Federal Government, upon request, on any subject of science or 
technology. 

THE NATIONAL RESEARCH COUNCIL was organized as an agency of the 
National Academy of Sciences in 1916, at the request of President Wilson, to 
enable the broad community of U. S. scientists and engineers to associate their 
efforts with the limited membership of the Academy in service to science and the 
nation. Its members, who receive their appointments from the President of the 
National Academy of Sciences, are drawn from academic, industrial and government 
organizations throughout the country. The National Research Council serves both 
Academies in the discharge of their responsibilities. 

Supported by private and public contributions, grants, and contracts, and volun-
tary contributions of time and effort by several thousand of the nation's leading 
scientists and engineers, the Academies and their Research Council thus work to 
serve the national interest, to foster the sound development of science and engineering, 
and to promote their effective application for the benefit of society. 

THE DIVISION OF ENGINEERING is one of the eight major Divisions into 
which the National Research Council is organized for the conduct of its work. 
Its membership includes representatives of the nation's leading technical societies as 
well as a number of members-at-large. Its Chairman is appointed by the Council 
of the Academy of Sciences upon nomination by the Council of the Academy of 
Engineering. 

THE HIGHWAY RESEARCH BOARD, organized November 11, 1920, as an 
agency of the Division of Engineering, is a cooperative organization of the high-
way technologists of America operating under the auspices of the National Research 
Council and with the support of the several highway departments, the Federal Highway 
Administration, and many other organizations interested in the development of trans-
portation. The purpose of the Board is to advance knowledge concerning the nature 
and performance of transportation systems, through the stimulation of research and 
dissemination of information derived therefrom. 
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